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1
SHIFT REGISTER AND DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a shift register for use 1n,
for example, a gate driver of a display panel.

BACKGROUND ART

Recent years have witnessed development of gate mono-
lithic configuration, in which a gate driver 1s formed of amor-
phous silicon on a liquid crystal panel for cost reduction. The
term “gate monolithic configuration”™ 1s also referred to as, for
example, “gate driver free”, “built-in-panel gate driver”, and
“gate 1n panel.”

FIG. 23 illustrates a configuration of such a gate driver
(scan drive circuit) disclosed in Patent Literature 1.

This gate driver includes a plurality of unit stages SRC11,
SRC12, ..., SRCIN, and SRC1D connected to one another

in cascade. Each odd-numbered unit stage includes a clock
terminal CK that 1s supplied with a first clock CKYV, whereas
cach even-numbered umit stage includes a clock terminal CK

that 1s supplied with a second clock CKVB. The first clock
CKYV 1s opposite 1n phase to the second clock CKVB. Each
unit stage includes an output terminal OUT from which a gate
signal (G1, G2, ..., GN, and GD) 1s supplied to a gate bus
line.

The first unit stage SRC11 includes a first input terminal
IN1 that 1s supplied with a scan start signal STV. The subse-
quent stages SRC12, SRC13, ..., SRCIN, and SRC1D each
include a first input terminal IN1 that 1s supplied with a gate
signal outputted from the immediately previous stage. The
unit stages SRC11, SRC12, .. ., and SRCIN each include a
second 1nput terminal IN2 that 1s supplied with a gate signal
outputted from the next unit stage. Further, each unit stage
includes a first voltage terminal VOFF.
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2003-50502 A (Publication Date: Feb. 24, 2005)
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Japanese Patent Application Publication, Tokukai, No.
2000-155550 A (Publication Date: Jun. 6, 2000)

Patent Literature 3

Japanese Patent Application Publication, Tokukai, No.
2003-016794 A (Publication Date: Jan. 17, 2003)
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Japanese Patent Application Publication, Tokukathe1, No.
6-216753 A (Publication Date: Aug. 5, 1994)

Patent Literature 5

Japanese Patent Application Publication, Tokukai, No.

2003-346492 A (Publication Date: Dec. 5, 2003)

SUMMARY OF INVENTION

Technical Problem

Patent Literature 1 discloses a circuit configuration of a
unit stage 100 illustrated in FIG. 24, the unit stage 100 serving,
as each of the unit stages SRC11, SRC12, ..., SRCIN, and
SRC1D. The unit stage 100 includes: a butler section 110; a
charge section 120; a drive section 130; a discharge section
140; and a holding section 150.

The description below assumes, about an operation of this
circuit, an example case in which the umt stage 100 1s sup-
plied with either a first clock CKV or a second clock CKVB

set as 1n FI1G. 25 by the applicant of the present application.
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Specifically, 1t the unit stage 100 1s an odd-numbered unit
stage, the clock terminal CK thereof 1s supplied with the first
clock CKYV illustrated in FIG. 25, whereas 11 the unit stage
100 1s an even-numbered unit stage, the clock terminal CK
thereof 1s supplied with the second clock CKVB 1llustrated in
FIG. 25. The first clock CKV 1s opposite in phase to the
second clock CKVB.

The following describes an even-numbered unit stage 100
as an example.

As 1llustrated in FIG. 25, when a gate pulse 1s supplied
from the immediately previous unit stage 100 to the first input
terminal IN1, that1s, a gate and a drain of a transistor Q1 in the
butifer section 110, the transistor (Q1 1s set to the ON state,
which charges a capacitor C 1n the charge section 120. This
sets a transistor Q2 1n the drive section 130 to the ON state.
The gate pulse supplied from the immediately previous stage
to the first input terminal IN1 then falls to a low level, and the
transistor Q1 1s thus set to the OFF state. After that, when the
second clock CKVB ata high level 1s supplied to a drain of the
transistor ()2, a bootstrap etiect of the capacitor C raises the
potential of a node N1 and sufficiently reduces the channel
resistance of the transistor (Q2, so that a gate pulse having an
amplitude substantially equal to that of a clock signal 1is
outputted from the output terminal OUT.

When the next unit stage 100 1s supplied with this gate
pulse and then outputs a gate pulse, this gate pulse 1s supplied
to the second mnput terminal IN2 of the even-numbered unit
stage 100. This sets a transistor Q3 1n the drive section 130
and a transistor Q4 1n the discharge section 140 to the ON
state, and thus causes the output terminal OUT, the corre-
sponding gate bus line, and the node N1 to be each connected
to the first voltage terminal VOFF and consequently to be
cach reset to a low level.

While the other unit stages 100 operate, a transistor Q5 1n
the holding section 150 1s set to the ON state each time the
second clock CKVB supplied to the clock terminal CK rises
to a high level. This periodically connects the node N1 to the
output terminal OUT.

An odd-numbered unit stage 100 carries out the same
operation with a timing shifted by one clock pulse from the
timing illustrated 1n FIG. 25.

The above gate monolithic circuit configuration makes it
possible to, even with use of only an n-channel TFT, suifi-
ciently reduce the channel resistance of an output transistor
such as the transistor Q2 by a bootstrap eiffect to improve drive
performance. This achieves the advantage that even in the
case where a gate driver 1s to be formed monolithically on a
panel with use of a matenal, such as amorphous silicon, with
which only an n-channel TFT can be produced easily, 1t 1s
possible to (1) sufficiently overcome disadvantageous prop-
erties of an amorphous silicon TF'T, such as a high threshold
voltage and a low electron mobility, and thus to (11) meet the
demand for lowering a voltage for the panel.

The above conventional gate monolithic circuit, however,
poses the problem that an output transistor such as the tran-
sistor Q2 1n FIG. 24 has a gate-drain parasitic capacitor (here-
inafter referred to as “drain parasitic capacitor”) and a gate-
source parasitic capacitor (hereinafter referred to as “source
parasitic capacitor”’). These distort a gate output wavetorm.

A clock voltage from the clock terminal CK 1s constantly
applied to the drain of the transistor Q2. Thus, even while the
transistor (Q2 should be off, so-called feedthrough phenom-
enon causes a variation DN in the potential of the node N1
through the drain parasitic capacitor and thus causes leakage
in the transistor Q2 each time the clock rises (see FIG. 25).
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Such leakage 1n the transistor Q2 causes, as 1llustrated 1n FIG.
235, aleaked signal LO to be outputted from the output termi-
nal OUT while a gate output should be set to the OFF state.

If the feedthrough phenomenon causes a variation DN 1n
the potential of the node N1 through the drain parasitic
capacitor such that the potential of the node N1 exceeds a

threshold potential of the transistor (Q2, the transistor Q2 1s set
to the ON state. This causes a clock to be leaked and outputted
to the source of the transistor (2, and this source output raises
the potential of the node N1 through the capacitor C, so that,
as illustrated in FI1G. 26, (1) the potential of the node N1 1s
higher by Vn during a clock pulse period and (11) the output
terminal OUT 1s supplied with a pulse OUTnoise that rises
with a pulse width equal to the clock pulse period.

While the output terminal OUT should be supplied with a
gate pulse, the variation DN 1n the potential of the node N1
through the drain parasitic capacitor reduces the channel
resistance of the transistor Q2 and increases a current, thereby
improving drive performance of the transistor Q2. The output
terminal OUT 1s, however, normally supplied with a gate
pulse only once within one frame. The vanation DN in the
potential of the node N1 outside the gate pulse output period
1s a noise. For example, 1n a panel with resolution of WXGA,
which panel includes 768 gate bus lines, a rise 1n the potential
of a node N1 1s a noise during (1) a period for 767 clocks
outside a period during which each stage supplies 1ts intended
gate pulse to 1ts corresponding gate bus line and (11) a vertical
blanking period set to separate frames each defined by a
vertical synchronizing signal Vsync.

The source parasitic capacitor raises the potential of the
node N1 while the gate pulse 1s outputted, and thus improves
drive performance of the transistor Q2. This effect can be
achieved to an extent even with use of only the source para-
sitic capacitor. A bootstrap capacitor indicated by the capaci-
tor C 1n the transistor Q2 of FIG. 24 actively increases such an
elfect by providing a capacitor 1n parallel to the source para-
sitic capacitor. This method, however, does not achieve the
bootstrap effect until the potential of the output terminal OUT
has fully risen, and thus disadvantageously delays arise TR of
the gate pulse. Such a delay 1n the rise TR causes a waveform
distortion 1n the gate pulse.

The stage configuration of FIG. 24, as described above,
poses the problem of a noise caused 1n a stage output. Since
cach stage output 1s mnputted to the next stage, such a noise 1s
transmitted from one stage to the next, and may cause the shift
register to malfunction.

This problem may be dealt with by a stage configuration
that aims to prevent accumulation and transmission of a noise
in a stage output with use of additional circuits. Such a stage
configuration 1s, for example, another stage configuration of
Patent Literature 1 (see FIG. 27).

The stage configuration of F1G. 27 includes transistors (045
and Q46. This arrangement allows the output terminal OUT
and the corresponding gate bus line to be connected to the first
voltage terminal VOFF each time the clock rises outside the
gate pulse output period, and thus allows the output terminal
OU'T and the gate bus line to be each maintained at a low level.
This stage configuration includes a control circuit that is
made up of transistors Q31 through Q34 and that causes the
transistor Q45 to function. Further, in order for the output
terminal OUT and the gate bus line to be each connected to the
first voltage terminal VOFF for a longer period, the unit stage
400 1ncludes two clock terminals, namely a first clock termi-
nal CK1 and a second clock terminal CK2, which are supplied
with respective clocks opposite to each other 1n phase, so that
the transistors Q45 and Q46 are set to the ON state alternately.
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The configuration of FIG. 27, however, requires the above
additional circuits, and thus undesirably leads to an increase
in the number of elements 1n a circuit and in the area of a
circuit.

The present invention has been accomplished in view of the
above problems with conventional art. It 1s an object of the
present ivention to provide a shift register and a display
device each capable of satisfactorily preventing noises 1n
individual stage outputs without increasing circuit complex-
ity.

Solution to Problem

In order to solve the above problems, a shiit register of the
present invention includes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereotf, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a first capacitor having a first end connected to a
gate of the first output transistor; an mput gate which 1is
supplied with a shift pulse for the each stage and which passes
an electric potential to be supplied to the first end of the first
capacitor during a pulse period of the shift pulse for the each
stage; a first switching element having (1) a first end con-
nected to a second end of the first capacitor, (11) a second end
to which the first direct current voltage 1s applied, and (111) a
conduction-and-shutoff control terminal that 1s supplied with
a first clock signal which corresponds to the each stage and
which has an active clock pulse during a period that does not
overlap the pulse period of the shift pulse for the each stage;
a second switching element having (1) a first end connected to
the second end of the first capacitor, (11) a second end to which
a second direct current voltage lower than the first direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal which 1s supplied with the shift pulse for the
cach stage; a third switching element having (1) a first end
connected to the first end of the first capacitor, (1) a second
end to which the second direct current voltage 1s applied, and
(111) a conduction-and-shutoif control terminal which 1s sup-
plied with a pulse signal that 1s delayed 1n phase from a shiit
pulse outputted from the first output terminal of the each
stage; and a fourth switching element having (1) a first end
connected to the first output terminal, (1) a second end to
which the second direct current voltage 1s applied, and (1) a
conduction-and-shutoil control terminal which 1s supplied
with (A) 1n a case where the each stage 1s not a final stage of
the successive stage group, a shift pulse outputted from the
first output terminal of a next stage and (B ) 1n a case where the
cach stage 1s the final stage of the successive stage group, a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the first output terminal of the final stage, at least
cach stage other than the final stage i1n the successive stage
group including a fifth switching element having (1) a first end
connected to the conduction-and-shutoil control terminal of
the fourth switching element, (11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoil control terminal which 1s supplied with the
shift pulse for the each stage.

With the above arrangement, the first direct voltage 1s
applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
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Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.

The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-

1ty.

The fifth switching element achieves the following: When
cach stage 1s supplied, from the immediately previous stage,
with a voltage at an active level or at a level close to the active
level, the fifth switching element 1s set to the ON state, which
causes the second direct current voltage to be applied to the
first output terminal of the next stage. This arrangement reli-
ably maintains the first output terminal at a low level while no
voltage at the active level 1s outputted from the first output
terminal of the stage.

As a result, each stage X1 of the shift register is less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state involving a
large leak current or (1) an 1nitial state of production, in both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, 1n the case
where the fifth switching element, which 1s connected to (1)
the first output terminal of the immediately previous stage and
(1) the first output terminal of the next stage, 1s provided on
the stage between the above two stages, 1t 1s advantageously
possible to create an efficient circuit pattern layout that mini-
mizes an increase 1n area and a delay caused by a parasitic
component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes it possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an increase 1n a threshold voltage, and thus prevents degra-
dation 1 performance of the shiit register.

In order to solve the above problems, a shift register of the
present invention 1mcludes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereol, a successive stage group constituted by suc-
cessive stages, each stage ol the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a second output transistor having (1) a drain which
1s supplied with a first clock signal which corresponds to the
cach stage and which has an active clock pulse during a period
that does not overlap a pulse period of a shift pulse for the
cach stage and (11) a source serving as a second output termi-
nal which 1s an output terminal of the each stage and which 1s
different from the first output terminal; a first capacitor hav-
ing a first end connected to a gate of the first output transistor
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and to a gate of the second output transistor; an mput gate
which 1s supplied with the shift pulse for the each stage and
which passes an electric potential to be supplied to the first
end of the first capacitor during the pulse period of the shiit
pulse for the each stage; a first switching element having (1) a
first end connected to a second end of the first capacitor, (1) a
second end to which the first direct current voltage 1s applied,
and (111) a conduction-and-shutoil control terminal which 1s
supplied with the first clock signal; a second switching ele-
ment having (1) a first end connected to the second end of the
first capacitor, (1) a second end to which a second direct
current voltage lower than the first direct current voltage 1s
applied, and (111) a conduction-and-shutoil control terminal
which 1s supplied with the shift pulse for the each stage; a
third switching element having (1) a first end connected to the
first end of the first capacitor, (11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoil control terminal which 1s supplied with a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the second output terminal of the each stage; a
fourth switching element having (1) a first end connected to
the first output terminal, (11) a second end to which the second
direct current voltage 1s applied, and (111) a conduction-and-
shutoil control terminal which 1s supplied with (A) 1n a case
where the each stage 1s not a final stage of the successive stage
group, a shiit pulse outputted from the second output terminal
ol a next stage and (B) 1n a case where the each stage 1s the
final stage of the successive stage group, a pulse signal that 1s
delayed in phase from a shift pulse outputted from the second
output terminal of the final stage; and a sixth switching ele-
ment having (1) a first end connected to the second output
terminal, (1) a second end to which the second direct current
voltage 1s applied, and (111) a conduction-and-shutoff control
terminal connected to the conduction-and-shutoil control ter-
minal of the fourth switching element, at least each stage
other than the final stage 1n the successive stage group includ-
ing a fifth switching element having (1) a first end connected
to the conduction-and-shutoil control terminal of the fourth
switching element, (11) a second end to which the second
direct current voltage 1s applied, and (111) a conduction-and-
shutoif control terminal which 1s supplied with the shift pulse
for the each stage.

With the above arrangement, the first direct voltage 1s

applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.
The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ity.

Further, it 1s possible to prevent the potential of one end of
the first capacitor from rising due to capacitive coupling, and
thus prevent an output from the second output terminal from
rising during an unnecessary period, thereby preventing the
shift register from malfunctioning. In addition, 1t 1s possible
to reduce the number of required input signals externally
supplied to the shift register.
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Further, since the second output transistor 1s used for out-
putting a shift pulse transmitted from one stage to another, the
second output transistor can be greatly downsized as com-
pared to the first output transistor used for supplying a signal
to the outside of the shift register. Consequently, the drain
parasitic capacitor of the second output transistor 1s sudfi-
ciently smaller than (1) the drain parasitic capacitor and the
source parasitic capacitor of the first output transistor and (11)
the first capacitor. Therefore, even when the first clock signal
1s supplied to the drain of the second output transistor, 1t 1s
possible to reduce, to an1gnorable level, the influence of arise
in the potential of one end of the first capacitor due to capaci-
tive coupling.

Further, a load caused by driving the second output termi-
nal 1s sufficiently smaller than a load caused by driving the
first output terminal. Therefore, the amount of a vanation 1n
the load on an external level shifter that generates a control
signal for the shift register can be reduced to an ignorable
level.

The fifth switching element achieves the following: When
cach stage 1s supplied, from the immediately previous stage,
with a voltage at an active level or at a level close to the active
level, the fifth switching element 1s set to the ON state, which
causes the second direct current voltage to be applied to the
second output terminal of the next stage. This arrangement
reliably maintains the first output terminal at a low level while
no voltage at the active level 1s outputted from the second
output terminal of the stage.

As aresult, each stage X1 of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state involving a
large leak current or (1) an 1n1tial state of production, in both
of which a current 1s likely to tlow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, in the case
where the fifth switching element, which 1s connected to (1)
the second output terminal of the immediately previous stage
and (11) the second output terminal of the next stage, 1s pro-
vided on the stage between the above two stages, 1t 1s advan-
tageously possible to create an efficient circuit pattern layout
that minimizes an increase 1n area and a delay caused by a
parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes 1t possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an 1ncrease 1n a threshold voltage, and thus prevents degra-
dation 1n performance of the shift register.

In order to solve the above problems, a shiit register of the
present invention includes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a first capacitor having a first end connected to a
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gate of the first output transistor; an input gate which 1s
supplied with a shift pulse for the each stage and which passes
an electric potential to be supplied to the first end of the first
capacitor during a pulse period of the shift pulse for the each
stage; a first switching element having (1) a first end con-
nected to a second end of the first capacitor, (11) a second end
to which the first direct current voltage 1s applied, and (111) a
conduction-and-shutolf control terminal that 1s supplied with
a first clock signal which corresponds to the each stage and
which has an active clock pulse during a period that does not
overlap the pulse period of the shiit pulse for the each stage;
a second switching element having (1) a first end connected to
the second end of'the first capacitor, (11) a second end to which
a second direct current voltage lower than the first direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal which 1s supplied with the shift pulse for the
cach stage; a third switching element having (1) a first end
connected to the first end of the first capacitor, (1) a second
end to which the second direct current voltage 1s applied, and
(111) a conduction-and-shutoif control terminal which 1s sup-
plied with a pulse signal that 1s delayed in phase from a shift
pulse outputted from the first output terminal of the each
stage; a fourth switching element having (1) a first end con-
nected to the first output terminal, (11) a second end to which
the second direct current voltage 1s applied, and (111) a con-
duction-and-shutoil control terminal which 1s supplied with
(A) 1n a case where the each stage 1s not a final stage of the
successive stage group, a shift pulse outputted from the first
output terminal of a next stage and (B) 1n a case where the
cach stage 1s the final stage of the successive stage group, a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the first output terminal of the final stage; and a
seventh switching element having a first end which 1s sup-
plied with the shiit pulse for the each stage, (i1) a second end
to which the second direct current voltage 1s applied, and (111)
a conduction-and-shutoif control terminal connected to the
conduction-and-shutoif control terminal of the fourth switch-
ing element.

With the above arrangement, the first direct voltage 1s

applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.
The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ty.

The seventh switching element achieves the following:
When a signal supplied to the conduction-and-shutoil control
terminal of the fourth switching element is set at an active
level, the seventh switching element is set to the ON state,
which causes the second direct current voltage to be applied
to the first output terminal of the immediately previous stage.
This arrangement prevents the first capacitor from (1) being
unnecessarily charged due to a leak current via the input gate
aiter the first end of the first capacitor of the stage is reset, and
from (11) being subjected to an unnecessary potential rise,
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which causes an interference, through an unnecessary electric
charge of the first capacitor when the first switching element
1s set to the ON state.

As aresult, each stage X1 of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state involving a
large leak current or (1) an 1n1tial state of production, in both
of which a current 1s likely to tlow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, in the case
where the seventh switching element, which 1s connected to
(1) the first output terminal of the immediately previous stage
and (11) the first output terminal of the next stage, 1s provided
on the stage between the above two stages, 1t 1s advanta-
geously possible to create an efficient circuit pattern layout
that minimizes an increase 1n area and a delay caused by a
parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes it possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
s1stor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an 1ncrease 1n a threshold voltage, and thus prevents degra-
dation 1 performance of the shift register.

In order to solve the above problems, a shift register of the
present invention mcludes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a second output transistor having (1) a drain which
1s supplied with a first clock signal which corresponds to the
cach stage and which has an active clock pulse during a period
that does not overlap a pulse period of a shift pulse for the
cach stage and (11) a source serving as a second output termi-
nal which 1s an output terminal of the each stage and which 1s
different from the first output terminal; a first capacitor hav-
ing a first end connected to a gate of the first output transistor
and to a gate of the second output transistor; an input gate
which 1s supplied with the shiit pulse for the each stage and
which passes an electric potential to be supplied to the first
end of the first capacitor during the pulse period of the shift
pulse for the each stage; a first switching element having (1) a
first end connected to a second end of the first capacitor, (11) a
second end to which the first direct current voltage 1s applied,
and (111) a conduction-and-shutoif control terminal which 1s
supplied with the first clock signal; a second switching ele-
ment having (1) a first end connected to the second end of the
first capacitor, (1) a second end to which a second direct
current voltage lower than the first direct current voltage 1s
applied, and (i11) a conduction-and-shutoil control terminal
which 1s supplied with the shift pulse for the each stage; a
third switching element having (1) a first end connected to the
first end of the first capacitor, (i1) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoil control terminal which 1s supplied with a

5

10

15

20

25

30

35

40

45

50

55

60

65

10

pulse signal that 1s delayed in phase from a shiit pulse out-
putted from the second output terminal of the each stage; a
fourth switching element having (1) a first end connected to
the first output terminal, (11) a second end to which the second
direct current voltage 1s applied, and (111) a conduction-and-
shutoil control terminal which 1s supplied with (A) 1n a case
where the each stage 1s not a final stage of the successive stage
group, a shiit pulse outputted from the second output terminal
of a next stage and (B) 1n a case where the each stage 1s the

final stage of the successive stage group, a pulse signal that 1s
delayed in phase from a shiit pulse outputted from the second
output terminal of the final stage; a sixth switching element
having (1) a first end connected to the second output terminal,
(11) a second end to which the second direct current voltage 1s
applied, and (111) a conduction-and-shutoil control terminal
connected to the conduction-and-shutoil control terminal of
the fourth switching element; and a seventh switching ele-
ment having a first end which 1s supplied with the shift pulse
for the each stage, (11) a second end to which the second direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal connected to the conduction-and-shutoff
control terminal of the fourth switching element.

With the above arrangement, the first direct voltage 1s

applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.
The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ty.

Further, 1t 1s possible to prevent the potential of one end of
the first capacitor from rising due to capacitive coupling, and
thus prevent an output from the second output terminal from
rising during an unnecessary period, thereby preventing the
shift register from malfunctioning. In addition, 1t 1s possible
to reduce the number of required input signals externally
supplied to the shift register.

Further, since the second output transistor is used for out-
putting a shift pulse transmitted from one stage to another, the
second output transistor can be greatly downsized as com-
pared to the first output transistor used for supplying a signal
to the outside of the shift register. Consequently, the drain
parasitic capacitor of the second output transistor 1s sudifi-
ciently smaller than (1) the drain parasitic capacitor and the
source parasitic capacitor of the first output transistor and (11)
the first capacitor. Therefore, even when the first clock signal
1s supplied to the drain of the second output transistor, 1t 1s
possible to reduce, to an1gnorable level, the influence of a rise
in the potential of one end of the first capacitor due to capaci-
tive coupling.

Further, a load caused by driving the second output termi-
nal 1s sufficiently smaller than a load caused by driving the
first output terminal. Therefore, the amount of a variation 1n
the load on an external level shifter that generates a control
signal for the shift register can be reduced to an ignorable
level.
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The seventh switching element achieves the following:
When a signal supplied to the conduction-and-shutoif control
terminal of each of the fourth and sixth switching elements 1s
set at an active level, the seventh switching element 1s set to
the ON state, which causes the second direct current voltage
to be applied to the second output terminal of the immediately
previous stage. This arrangement prevents the first capacitor
from (1) being unnecessarily charged due to a leak current via
the 1input gate after the first end of the first capacitor of the
stage 1s reset, and from (11) being subjected to an unnecessary
potential rise, which causes an interference, through an
unnecessary electric charge of the first capacitor when the
first switching element 1s set to the ON state.

As aresult, each stage X1 of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state involving a
large leak current or (1) an 1n1tial state of production, 1n both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, in the case
where the seventh switching element, which 1s connected to
(1) the second output terminal of the immediately previous
stage and (11) the second output terminal of the next stage, 1s
provided on the stage between the above two stages, 1t 1s
advantageously possible to create an efficient circuit pattern
layout that minimizes an increase 1n area and a delay caused
by a parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes 1t possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an 1ncrease 1n a threshold voltage, and thus prevents degra-
dation 1n performance of the shiit register.

Advantageous Effects of Invention

As described above, a shiit register of the present invention
includes: one or more cascade connection circuits 1in each of
which stages are cascade-connected to one another for trans-
mission of a shift pulse, at least one of the one or more cascade
connection circuits including, among all the stages thereof, a
successive stage group constituted by successive stages, each
stage of the successive stage group including: a first output
transistor having (1) a drain to which a first direct current
voltage 1s applied and (11) a source serving as a first output
terminal which 1s an output terminal of the each stage; a first
capacitor having a first end connected to a gate of the first
output transistor; an input gate which 1s supplied with a shiit
pulse for the each stage and which passes an electric potential
to be supplied to the first end of the first capacitor during a
pulse period of the shift pulse for the each stage; a first
switching element having (1) a first end connected to a second
end of the first capacitor, (11) a second end to which the first
direct current voltage 1s applied, and (i11) a conduction-and-
shutoil control terminal that 1s supplied with a first clock
signal which corresponds to the each stage and which has an
active clock pulse during a period that does not overlap the
pulse period of the shift pulse for the each stage; a second
switching element having (1) a first end connected to the
second end of the first capacitor, (11) a second end to which a
second direct current voltage lower than the first direct cur-
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rent voltage 1s applied, and (111) a conduction-and-shutoif
control terminal which 1s supplied with the shift pulse for the
cach stage; a third switching element having (1) a first end
connected to the first end of the first capacitor, (11) a second
end to which the second direct current voltage 1s applied, and
(111) a conduction-and-shutoil control terminal which 1s sup-
plied with a pulse signal that 1s delayed in phase from a shiit
pulse outputted from the first output terminal of the each
stage; and a fourth switching element having (1) a first end
connected to the first output terminal, (1) a second end to
which the second direct current voltage 1s applied, and (1) a
conduction-and-shutoff control terminal which 1s supplied
with (A) 1n a case where the each stage 1s not a final stage of
the successive stage group, a shift pulse outputted from the
first output terminal of a next stage and (B) 1n a case where the
cach stage 1s the final stage of the successive stage group, a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the first output terminal of the final stage, at least
cach stage other than the final stage 1n the successive stage
group including a fifth switching element having (1) a first end
connected to the conduction-and-shutoff control terminal of
the fourth switching element, (11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoif control terminal which 1s supplied with the
shift pulse for the each stage.

The above arrangement makes 1t possible to provide a shift
register capable of satisfactorily preventing noises of indi-
vidual stage outputs without increasing circuit complexity.

The above arrangement further prevents an unnecessary
output from being transmitted to a later stage.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit diagram 1llustrating a configuration of a
stage included 1n a shift register of a first embodiment of the
present 1nvention.

FIG. 2 1s a block diagram 1llustrating a configuration of a
shift register of the first embodiment.

FIG. 3 1s a wavetorm chart 1llustrating an operation of the
shift register of the first embodiment.

FIG. 4 1s a circuit diagram 1llustrating a configuration of a
stage included 1n a shift register of a second embodiment of
the present invention.

FIG. 5 15 a block diagram 1llustrating a configuration of a
shift register of the second embodiment.

FIG. 6 1s a wavelorm chart 1llustrating an operation of the
shift register of the second embodiment.

FIG. 7 1llustrates wavelorm charts each illustrating output
wavelorms of a stage, where (a) 1s a wavelorm chart 1llustrat-
ing an output wavetform of a stage including no fifth switching
clement, and (b) 1s a waveform chart illustrating an output
wavelorm of a stage including a fifth switching element.

FIG. 8 1s a circuit diagram 1llustrating a configuration of a
stage imncluded 1n a shift register of a third embodiment of the
present invention.

FIG. 9 1s a block diagram 1llustrating a configuration of a
shift register of the third embodiment.

FIG. 10 1s a wavetorm chart illustrating an operation of the
shift register of the third embodiment.

FIG. 11 1s a circuit diagram illustrating a configuration of a
stage included 1n a shift register of a fourth embodiment ol the
present 1nvention.

FIG. 12 1s a block diagram 1llustrating a configuration of a
shift register of the third embodiment.

FIG. 13 1s a wavetorm chart illustrating an operation of the
shift register of the third embodiment.
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FI1G. 14 1llustrates wavelorm charts of an embodiment of
the present invention each illustrating output wavetorms of a

stage, where (a) 1s a wavelorm chart 1llustrating an output
wavelorm of a stage including no seventh switching element,
and (b) 1s a wavelorm chart illustrating an output waveform of
a stage including a seventh switching element.

FIG. 15 1s a circuit diagram 1illustrating a first basic con-
figuration of a stage included 1n a shiit register of an embodi-
ment of the present invention.

FIG. 16 1s a block diagram illustrating a configuration of a
shift register including a stage having the first basic configu-
ration.

FI1G. 17 1s a wavetorm chart 1llustrating an operation of the
shift register including a stage having the first basic configu-
ration.

FIG. 18 1s a circuit diagram illustrating a second basic
configuration of a stage included in a shift register of an
embodiment of the present invention.

FI1G. 19 1s a block diagram illustrating a configuration of a
shift register including a stage having the second basic con-
figuration.

FI1G. 20 1s a wavetorm chart 1llustrating an operation of the
shift register including a stage having the second basic con-
figuration.

FIG. 21 1s a block diagram illustrating a configuration of a
display device of an embodiment of the present invention.

FI1G. 22 illustrates circuit diagrams each illustrating a form
of a capacitor of an embodiment of the present invention,
where (a) 1s a circuit diagram 1illustrating a first form of a
capacitor, and (b) 1s a circuit diagram 1illustrating a second
form of a capacitor.

FI1G. 23 1s a block diagram illustrating a configuration of a
shift register of conventional art.

FIG. 24 1s a circuit diagram illustrating a first example
configuration of a stage included 1n a shift register of conven-
tional art.

FI1G. 2515 a first wavetorm chart 1llustrating a problem with
a conventional shift register.

FIG. 26 1s a second waveform chart illustrating a problem
with a conventional shift register.

FI1G. 27 1s a circuit diagram illustrating a second example

configuration of a stage included 1n a shift register of conven-
tional art.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention are described below
with reference to FIGS. 1 through 22.

FI1G. 21 illustrates a configuration of a liquid crystal dis-
play device 11, which 1s a display device of the present
embodiment.

The liquid crystal display device 11 includes: a display
panel 12; a flexible printed circuit board 13; and a control
board 14.

The display panel 12 1s an active matrix display panel that
includes, on a glass substrate: a display region 12a; a plurality
of gate bus lines (scanning signal lines) GL . . . ; a plurality of
source bus lines (data signal lines) SL . . . ; and a gate driver
(scanning signal line driving circuit) 15, each made of amor-
phous silicon. The display panel 12 may alternatively be
made of, for example, polycrystalline silicon, CG silicon, or
microcrystalline silicon. The display region 12a 1s a region in
which a plurality of picture elements PIX . . . are arranged in
a matrix. The picture elements PIX each include: a TFT 21
serving as a selection element for the picture element; a liquid
crystal capacitor CL; and an auxiliary capacitor Cs. The TFT
21 has (1) a gate connected to its corresponding gate bus line
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GL and (11) a source connected to its corresponding source
bus line SL. The liquid crystal capacitor CL and the auxiliary
capacitor Cs are connected to a drain of the TFT 21.

The plurality of gate bus lines GL . . . include gate bus lines
GL1,GL2, GL3, ..., and GLn, each of which 1s connected to

an output of the gate driver (scanning signal line driving
circuit) 15. The plurality of source bus lines SL . . . include
source bus lines SL.1, SI.2, SL.3, ..., and SLm, each of which
1s connected to an output of a source driver 16 described
below. The display panel 12 further includes auxiliary capaci-
tor lines (not shown) each for applying an auxiliary capacitor
voltage to the auxiliary capacitor Cs of each corresponding
picture element PIX.

The gate driver 15 1s provided 1n a first region on the display
panel 12, the first region being located to be adjacent to the
display region 12a on a first side of the direction in which the

gate bus lines GL . . . extend. The gate driver 15 sequentially
supplies gate pulses (scanning pulses) to the respective gate
bus lines GL . . . There may be another gate driver that (1) 1s
provided 1n a second region on the display panel 12, the
second region being located to be adjacent to the display
region 12a on a second side of the direction 1n which the gate
bus lines GL . . . extend and that (11) scans gate bus lines GL
other than the gate bus lines GL that the gate driver 15 scans.
Alternatively, there may be (1) a first gate driver provided in a
first region located to be adjacent to the display region 12a on
a first side of the direction 1n which the gate bus lines GL . . .
extend and (11) a second gate driver provided 1n a second
region located to be adjacent to the display region 12a on a
second side of the direction in which the gate bus lines
GL . . . extend, the first and second gate drivers scanning
identical gate bus lines GL. The above gate drivers are formed
on the display panel 12 monolithically with the display region
12a. The gate driver 15 encompasses in scope any gate driver
described with such terms as “gate monolithic”, “gate driver
free”, “built-in-panel gate driver”, and *““gate 1n panel.”

The flexible printed circuit board 13 includes a source
driver 16, which supplies data signals to the respective source
bus lines SL . . . The source driver 16 may be formed on the
display panel 12 monolithically with the display region 12a.
The control board 14 1s connected to the flexible printed
circuit board 13, and supplies necessary signals and power to
the gate driver 135 and the source driver 16. The control board
14 outputs signals and power to be supplied to the gate driver
15, which signals and power are supplied to the gate driver 15
from the display panel 12 via the tlexible printed circuit board
13.

The following describes, on the basis of embodiments, a
configuration of a shift register included 1n the gate driver 15.

Embodiment 1

A first embodiment of the shift register 1s described below
with reference to FIGS. 1 through 3, 7, and 15 through 17.

The description below first deals with, before the shift
register of the present embodiment, a shift register that has a
first basic configuration of the shiit register of the present
embodiment.

FIG. 16 illustrates a configuration of a shift register 21
having the first basic configuration.

The shift register 21 includes a plurality of stages Xi
(where 1 1s a natural number) that are provided 1n a number
equal to the number of the gate bus lines GL . . . and that are
connected to one another 1n cascade. The present embodi-
ment and its subsequent embodiments use the term “cascade
connection circuit” to refer to the above circuit made up of the



US 8,422,622 B2

15

stages X1 connected to one another i cascade. Each stage X1
includes terminals V1, V2, S1, S2, S3, S4, and OUT.

On each odd-numbered stage X1(1=1,3,5...), the terminal
V1 1s supplied with a power source voltage (first direct current
voltage) VDD, which 1s a gate drive voltage at a high level
(that 1s, a gate pulse level); the terminal V2 1s supplied with a
power source voltage (second direct current voltage) VSS,
which 1s the gate drive voltage at a low level; the terminal S1
1s supplied with an output signal OUTi-1 from the terminal
OUT of theimmediately previous stage Xi1—-1; the terminal S2
1s supplied with a clock signal (first clock signal) CLK1; the
terminal S3 1s supplied with an output signal OUTi+1 from
the terminal OUT of the next stage X; the terminal S4 1s
supplied with a clock signal (first conduction-and-shutoff
control signal; second clock signal) CLLK2; and the terminal
(first output terminal ) OUT outputs an output signal OUT1 of
the odd-numbered stage Xi. The terminal S1 of the stage X1
1s supplied with a gate start pulse SP instead of the output
signal OUT1-1.

The terminal S3 of the final stage Xn for 11s supplied with
an output pulse signal from another stage in the cascade
connection circuit, the output pulse signal being delayed 1n
phase by one pulse from the output signal OUTi-1 of the final
stage X1. An example of such an output pulse signal 1s an
output pulse signal from an output terminal of a dummy stage
that 1s next to the final stage Xn, that 1s equivalent 1n configu-
ration to the stage X1, and that supplies no gate signal to a gate
bus line GL. This output pulse from the dummy stage 1s
referred to as “gate end pulse EP.” The gate end pulse EP 1s
identical in waveform to the pulse of the output signal OUT1
and different only 1n phase from it. In this sense, the terminal
S3 of each stage X1 may simply be supplied with an output
pulse signal, from an output terminal of a predetermined other
stage 1n the cascade connection circuit, which output pulse
signal 1s delayed in phase (by one pulse, 1n the present
embodiment) from the output signal OUT1 of the stage Xi.
Further, there may be a dummy stage immediately previous to
the first stage X1, which dummy stage 1s equivalent to the
above dummy stage and supplied with a gate start pulse, so
that the first stage X1 1s supplied with an output pulse signal
from this dummy stage. The above dummy stages are pro-
vided so that the first stage X1 and the final stage Xn operate
under the same conditions as those for any other stage Xi1. The
above description applies also to the other embodiments.

On each even-numbered stage X1 (1=2, 4, 6 . . . ), the
terminal V1 1s supplied with the power source voltage (first
direct current voltage) VDD, which 1s the gate drive voltage at
the high level (that 1s, the gate pulse level); the terminal V2 1s
supplied with the power source voltage (second direct current
voltage) VSS, which 1s the gate drive voltage at the low level;
the terminal S1 1s supplied with an output signal OUTi-1
from the terminal OUT of the immediately previous stage
Xi1-1; the terminal S2 1s supplied with the clock signal (first
clock signal) CLK2; the terminal S3 1s supplied with an
output signal OUTi+1 from the terminal OUT of the next
stage X+1; the terminal S4 1s supplied with the clock signal
CLK1; and the terminal OUT outputs an output signal OUT1
of the even-numbered stage Xi.

The second direct voltage 1s lower than the first direct
voltage.

FIG. 15 illustrates a configuration of each stage Xi

included in the shift register having the above basic configu-
ration.

The stage X1 includes transistors M1, M2, M3, M4, M35,
and M6 and a capacitor C1. The transistors M1 through M6 1n
the present embodiment are all n-channel TF'T's, but may be
replaced with p-channel TFTs. This applies to all transistors,
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including a transistor M10 below, described 1n any embodi-
ment. Each switching element described below has a gate
serving as a terminal for controlling conduction and shutoff
for the switching element.

The transistor (input gate; eighth switching element) M1
has (1) a gate connected to the terminal S1, (1) a drain con-
nected to the terminal V1, and (111) a source connected to a
node N1 connected to a gate of the transistor M5. The capaci-
tor (first capacitor) C1 has a first end connected to the node
N1.

The transistor (first switching element) M2 has (1) a gate
connected to the terminal S2, (1) a drain connected to the
terminal V1, and (111) a source connected to a second end of
the capacitor C1, the second end being opposite to the first
end connected to the node N1. The second end of the capaci-
tor C1 1s also connected to a node N2.

The transistor (second switching element) M3 has (1) a gate
connected to the terminal S1, (11) a drain connected to the
node N2, and (111) a source connected to the terminal V2.

The transistor (third switching element) M4 has (1) a gate
connected to the terminal S3, (1) a drain connected to the
node N1, and (111) a source connected to the terminal V2.

The transistor (first output transistor) M3 has (1) a drain
connected to the terminal V1 and (11) a source connected to the
terminal OUT. This indicates that (1) a direct current voltage,
that 1s, the power source voltage VDD, 1s applied to the drain
of the transistor M5 and that (11) the source of the transistor
MS functions as the first output terminal, which 1s an output
terminal of the stage Xi.

The transistor (fourth switching element) M6 has (1) a gate
connected to the terminal S4, (1) a drain connected to the
terminal OUT, and (111) a source connected to the terminal V2.

The following describes an operation of the shift register
21 with reference to FIG. 17.

The clock signals CLK1 and CLLK2 have their respective
active periods that do not overlap each other. The clock sig-
nals CLK1 and CLLK2 1n the present embodiment are opposite
to each other 1 phase as an example. Further, 1n the present
embodiment, the clock signals CLLK1 and CLLK2 each have (1)
a high level equal to VDD and (1) a low level equal to VSS.
The clock signals CLLK1 and CLLK2 are, however, each simply
required to have (1) a high level of VDD or higher and (11) a
low level of VSS or lower. The clock signals CLLK1 and CLK2
and the gate start pulse SP (not shown) each have a pulse
width corresponding to one horizontal period (1H). The gate
start pulse SP 1s, for example, (1) a pulse that has one vertical
cycle and that 1s shifted 1n phase from an active clock pulse of
the clock signal CLLK1 by half a cycle of the clock signal
CLK1 or (11) a pulse that has one vertical cycle and that 1s
shifted in phase from an active clock pulse of the clock signal
CLK2 by half a cycle of the clock signal CLLK2. In the present
embodiment, a clock signal supplied to the terminal S2 1s the
first clock signal. Thus, the first clock signal corresponds to (1)
the clock signal CLLK1 for each odd-numbered stage X1 and
(11) the clock signal CLLK2 for each even-numbered stage Xi.
Each stage Xi1s supplied with a shift pulse and the first clock
signal that have their respective active clock pulse periods (in
the present embodiment, a high level period) that do not
overlap each other.

First, when the terminal S1 of the stage X1 1s supplied with
a gate start pulse SP as a shift pulse, the transistors M1 and M3
are set to the ON state, which starts an operation of the stage
X1. The stages X1 thus each sequentially output an output
signal OUT1 from the terminal OUT. The description below
refers, for the stage X1, to the node N1 as “node N1(i)”, the
node N2 as “node N2(i)”, and the output signal OUT1 as
“OUT(@Q).”
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The following assumes an example in which the stage
X(N-2) for 1=N-2 has outputted an output signal OUT(N-2)
as 1llustrated 1n FIG. 17. This causes, on the next stage X(N-
1), a voltage to be applied from the terminal V1 to the node
N1(N-1) via the transistor M1, and the power source voltage
VSS to be applied from the terminal V2 to the node N2(N-1)
via the transistor M3. When the capacitor C1 has been
charged until the potential of the node N1(N-1) reaches
(power source voltage VDD)—(threshold voltage Vth of the
transistor M1), the transistor M1 1s set to the OFF state. This
generates a potential difference of (power source voltage
VDD)—(threshold voltage Vth of the transistor M1)-(power

source voltage VSS) across the capacitor C1, and thus
increases the potential of the node N1(N-1) and maintains the
increased potential. The power source voltage VDD 1s set 1n
magnitude so that a voltage (that 1s, a voltage of the terminal
OUT) that 1s supplied to the terminal S1 of the next stage

X(N) and that depends on the above-maintained potential of

the node N1(IN-1) 1s not larger than the threshold voltage Vth
of the transistor M1 on the next stage X(N). The transistor
M1, as described above, functions as an 1input gate that (1) 1s
supplied with a shift pulse to the stage X1 and that (11) passes,
during a pulse period of the shift pulse, a voltage to be applied
to thenode N1. The shift pulse corresponds to (1) the gate start
pulse SP for the stage X1 and (11) for each of the other stages
X1, a gate pulse included 1n the output signal OUTi-1 from
the previous stage Xi1-1.

The pulse of the output signal OUT(N-2) then falls, which
sets the transistor M3 to the OFF state.

Next, the clock signal CLK1, supplied from the terminal S2
as the first clock signal, rises to the high level, which sets the
transistor M2 to the ON state. A voltage applied from the
terminal V1 causes the node N2(N-1) to have a potential of
(power source voltage VDD)—(threshold voltage Vth). This
raises the potential of the node N1(N-1) via the capacitor C1,
and thus sets the transistor M3 to the ON state. Since the
potential difference of VDD-Vth-VSS i1s maintained across
the capacitor C1 1n this state, the potential V(N1) of the node
N1(N-1) 1s expressed as follows:

V(N1) = (VDD — Vih— VSS) + (VDD — Vith) = 2 x VDD — (VSS + 2 X Vih).

The gate of the transistor M5, as a result, has a potential
V(N1) that 1s sufliciently higher than VDD, and the transistor
M35 15 thus set to the ON state so as to have a suificiently small
channel resistance. This causes the power source voltage
VDD as an output signal OUT(N-1) to be supplied from the
terminal V1 to the terminal OUT wvia the transistor M5. The
output signal OUT(N-1) outputted from the terminal OUT
will serve as a gate pulse having an amplitude of VDD-VSS.

The above gate pulse 1s then supplied to the terminal S1 of
the next stage X(N) and charges the capacitor C1 of the stage
X(N). The clock signal CLLK2, serving as the first clock sig-
nal, at the high level 1s supplied to the terminal S2, which in
turn raises the potential of the node N1(IN), and thus sets the
transistor M3 to the ON state. This causes the power source
voltage VDD as an output signal OUT(N) to be outputted
from the terminal OU'T via the transistor M5, and the output
signal OUT(N) will serve as a gate pulse. The gate pulse of the
output signal OUT(N) 1s then supplied to the terminal S3 of
the stage X(IN-1). This sets the transistor M4 to the ON state,
and thus decreases the potential of the node N1(N-1) to the
power source voltage VSS. The gate pulse as the output signal

OUT(N-1) falls as a result, and resets the stage X(IN-1).
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The above operation causes the gate pulses of the respec-
tive output signals OUT1 to be sequentially supplied to the
respective gate bus lines GL.

For each stage X1, the transistor M6 1s set to the ON state
cach time a clock signal supplied to the terminal S4 1s set at a
high level. This resets the output terminal OUT to a low level.

The shift register 21, as described above, operates such that
(1) the first direct current voltage, that 1s, the power source
voltage VDD, 1s applied to the drain (that 1s, an end of the
transistor M5 which end 1s opposite to an end via which a gate
drive pulse 1s outputted) of the transistor M5 from which
drain a gate pulse 1s outputted and that (11) a switched capaci-
tor operation 1s carried out with use of the transistors M2 and
M3 and the capacitor C1. This arrangement prevents (1) a
variation in an output voltage which variation 1s caused in the
case where a clock signal 1s supplied to the drain of the
transistor M5 and (11) leakage of an electric charge from a
liguid crystal picture element electrode which leakage 1s
caused by the variation in an output voltage.

Further, the application of a direct current voltage to the
drain of the transistor M5 makes 1t possible to drive the gate
bus lines with use of a direct power source. This arrangement
greatly reduces, as compared to the case 1n which gate bus
lines are driven with use of a clock signal by supplying a clock
signal to the drain of the transistor M5, load on an external
level shifter that generates a control signal for the shiit regis-
ter.

The application of a direct current voltage to the drain of
the transistor MS increases a period during which a negative
bias 1s applied between the gate and drain of the transistor M5,
and thus reduces an increase 1n a threshold voltage. Not
driving the gate bus lines with use of a clock signal allows the
amplitude of a clock signal to be set to (1) any value of VSS or
lower for alow level and (11) to any value of VDD or higher for
a high level. In the case where the high level 1s set to a value
higher than VDD, an ON current 1s increased for a transistor
that has a gate to which a clock signal at the high level 1s
supplied, and the working speed 1s increased as a result. In the
case where the low level 1s set to a value lower than VSS, an
OFF current 1s decreased for a transistor that has a gate to
which a clock signal at the low level 1s supplied, and 1t 1s
consequently possible to prevent the level shifter from mal-
functioning due to a leak current.

Further, 1n the case where the low level is set to a value
lower than VSS, 1t1s possible to set a gate potential to be lower
than a source potential and a drain potential. This arrange-
ment (1) reduces a change caused with time 1n the threshold
voltage Vth by a direct current voltage component applied to
the gate, and consequently (11) prevents degradation 1n per-
formance of the shiit register.

In the circuit configuration of Patent Literature 1, a clock
signal 1s supplied to the drain of the output transistor ()2
illustrated in FIGS. 24 and 27, and consequently a variation in
an output occurs with respect to each clock due to clock
teed-through. In order to prevent such a variation 1n the out-
put, a control signal for the transistor Q3 needs to be a clock
signal.

By contrast, in the shift register 21, a direct voltage 1s
supplied to the drain of the transistor M5. Thus, no noise 1s
generated at the terminal OUT with respect to each clock.
Theretore, 1t 1s possible to (1) supply an output pulse from a
later stage as a control pulse to the gate of the transistor M6
and (11) cause the terminal OUT to maintain a low level until
a gate driver outputs signals during the next frame.

As described above, by supplying an output from a later
stage mto the gate of the transistor M6, 1t 1s possible to (1)
avold clock feed-through and shift in a threshold voltage
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which are caused by the input of a clock signal to the gate, and
consequently (11) satisfactorily prevent a variation 1n potential
of the terminal OUT until a next output of the stage 1s made
from the terminal OUT.

A part where a plurality of stages X1 of FIG. 15 are con-
tinuously cascade-connected to one another 1s referred to as a
successive stage group. In the embodiment of FIG. 16, the
cascade connection circuit 1s exactly equal to the successive
stage group. However, the present invention 1s not limited to
this. Alternatively, 1n the present invention, the cascade con-
nection circuit may include, as a part thereot, the above suc-
cessive stage group such that the cascade connection circuit
includes the successive stage group and the dummy stage. In
a case where a dummy stage has the same configuration as the
configuration of a stage X1 defined in the claims of the present
invention, a stage X1 cascade-connected to the dummy stage
may also be regarded as a successive stage group. Further, a
plurality of successive stage groups may be included 1n one
cascade connection circuit 1n such a manner that at least one
stage other than the stage X1 1s positioned between the plu-
rality of successive stage groups. Such a configuration can be
preferably used in a case where each of the plurality of suc-
cessive stage groups drives a plurality of gate bus lines GL
which constitute a unit corresponding to that group. The
above explanation applies also to the other embodiments.

The embodiments each describe an example mvolving
only a single gate driver. The above cascade connection cir-
cuit can, however, be provided 1n a number of 1 or greater on
a display panel. This 1s evident from the case in which a single
gate driver may include a plurality of IC chips, and also from
the case in which a plurality of gate drivers may be provided
so as to sandwich the display region 12a.

In the shift register 21, the third switching element (1n the
present embodiment, the transistor M4) 1s simply required to
have a conduction-and-shutoil control terminal that is sup-
plied with a pulse signal which is delayed 1n phase from the
shift pulse (in the present embodiment, the output signal
OUT1) outputted from the terminal OUT of the stage Xi. The
present embodiment 1s arranged such that each stage X1 other
than the final stage 1s supplied with an output signal OUT1
from the next stage X1+1. The final stage X1 can be supplied
the cascade connection circuit, such as an output signal from
the above dummy stage.

In the shift register 21, the fourth switching element (in the
present embodiment, the transistor M6) has a conduction-
and-shutoll control terminal that 1s supplied with (1) for each
stage X1 1n the successive stage group other than the final
stage, a shift pulse (in the present embodiment, the output
signal OUT1) outputted from the terminal OUT of the next
stage X1+1 and (11) for the final stage X1 1n the successive
stage group, a pulse signal which 1s delayed 1n phase from the
shift pulse outputted from the terminal OUTi of the final stage
X1. The final stage X1 can be supplied with, for example, an
output signal from a particular stage in the cascade connec-
tion circuit, such as an output signal from the above dummy
stage.

The first direct current voltage applied to the gate of the
transistor M1 may be replaced with a third direct current
voltage. This arrangement avoids a charge potential of the
node N1 from being restricted by the power source voltage
VDD.

Each stage X1 having the configuration of FIG. 15 1s likely
interfered with by an operation of a previous stage or later
stage under a condition in which (1) a current most likely tlows
through each transistor and (11) a leak current 1s large, that 1s,
normally at high temperatures or 1n an initial state of produc-
tion. If the stage X1 1s interfered with, there highly likely
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occurs a phenomenon 1 which such a signal interference
causes a circuit to, for example, malfunction or oscillate. In
the case where the transistors are TFT's, the above phenom-
enon 1s significant in particular because the TFTs each (1)
need to be extremely large 1n dimension to compensate for a
large ON resistance and thus (11) have a large leak current.

The above phenomenon 1s caused as follows: In the case
where a circuit 1s designed to 1ncrease an operating margin
achieved under a condition 1n which a current 1s not likely to
flow through each ftransistor, that i1s, an operating margin
achieved 1n a state normally after low-temperature aging,
cach stage 1s subjected to a great signal interference by a
previous stage or later stage 1n (1) a high-temperature state
involving a large leak current or (i1) an 1nitial state of produc-
tion, 1n both of which a current 1s likely to flow through each
transistor.

Specifically, the above signal interference can be caused as
below.

In FIG. 17, for example, while the terminal S1 of the stage
X(N-1) 1s supplied with a set signal, the stage X(IN-1) 1s
supplied with an output signal OUT(N-2) from the previous
stage X(N-2), so that the node N1(N-1) 1s charged. During

this period, the potential of the terminal OUT (N-1) 1s raised

via a parasitic capacitor (for example, a source parasitic
capacitor of the transistor M5) between the node N1(N-1)
and the terminal OUT (N-1). This 1s indicated by an interfer-
ence I1 1n FIG. 17. In the case where the raised potential of the
terminal OUT (N-1) causes the terminal S1 of the next stage
X(N) to be supplied with an 1nput that exceeds the threshold
voltage of the transistor M1, the transistor M1 1s set to the ON
state, which charges the node N1(IN) at a timing that 1s not
originally intended (interference 12). The voltage of the node
N1(N) 1s transmitted to the output signal OUT(N) (interier-
ence 13), and 1s further transmitted to the subsequent stages.
(interferences N4, . . . ). This causes a circuit to malfunction
or oscillate.

The present embodiment, 1n view of the above problem,
describes a shift register that 1s based on the first basic con-
figuration, that securely prevents (1) a variation caused 1n an
output voltage by the above-described switched capacitor
operation and (11) leakage of an electric charge from a liquid
crystal picture element electrode, and that prevents a circuit
from malfunctioning or oscillating while a leak current is
large. This improvement meets the need to deal with leakage,
the need arising because there 1s a large vanation i TFT
properties, and thus a leak current likely varies greatly
between TFTs 1n an 1identical circuit.

FIG. 2 illustrates a configuration of a shiit register 1 of the

present embodiment.
The shaift register 1, which 1s similar to the shift register 21
of FIG. 16, includes a plurality of stages X1 (where 1 1s a
natural number) that are provided in a number equal to the
number of the gate bus lines GL . . . and that are connected to
one another in cascade. The stages X1 each include terminals
V1,V2, 51, S2, S3, 54, and OUT. The stages X1 of the shiit
register 1 are connected to one another 1n a manner 1dentical
to the manner in which the stages X1 of the shift register 21 are
connected to one another. Such connection between the
stages X1 of the shift register 1 1s thus not described here. The
final stage X1 can be arranged to be equivalent in configura-
tion and operation to each stage X1 other than the final stage
such that, for example, the terminal S4 of the final stage X1 1s
connected to the terminal OUT of the above dummy stage
serving as a stage next to the final stage Xai.

FIG. 1 1llustrates a configuration of each stage Xi of the

shift register 1.
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The stage X1 of the shift register 1 1s 1dentical to the stage
X1 of the shift register 21 except that (1) a transistor M10 1s
added and that (11) the terminal S4 1s, imstead of being sup-
plied with a clock signal, connected to the terminal OUT, that
1s, an output terminal, of the next stage Xi.

The transistor (fifth switching element) M10 has (1) a gate
connected to the terminal S1, (11) a drain connected to the
terminal S4 and thus to the gate of the transistor M6, and (111)
a source connected to the terminal V2.

The transistor M10 achieves the following: When the ter-
minal S1 1s supplied, from the immediately previous stage
Xi1-1, with a voltage having an active level or a level close to
the active level, the transistor M10 1s set to the ON state,
which connects the terminal OUT of the next stage Xi+1 to
the terminal V2. This arrangement reliably maintains the
terminal OUT at the low level (the power source voltage VSS)
while no voltage at the active level 1s outputted from the
terminal OUT of the stage Xi.

The following describes an operation of the stage X1 of

FIG. 1 1n detail with reference to FIG. 3.

This operation differs from the operation illustrated in FIG.
17 1n that since the terminal S4 1s not supplied with a clock
signal but connected to the terminal OUT of the next stage
Xi1+1, the transistor M6 1s set to the ON state only while the
output signal OUTi+1 of the next stage 1s at the active level.
Thus, even 1n the case where, for example, there occurs on the
stage X(N-1), when an active output signal OUT(N-2) 1s
outputted from the stage X(IN-2), an interference 11 with an
output signal OUT(N-1) via a parasitic capacitor of the tran-
sistor M5 for which a leak current 1s large, the interference 11,
although 1t induces an interference 12 that causes the node
N1(N) of the stage X(IN) to be charged, does not cause an
interference to be transmitted any further because the output
signal OUT(N) 1s fixed at the low level.

As described above, the output signal OUTi1 of the stage X1
of the shift register 1 1s subjected to a prevention effect P1
against interference due to (1) an output signal OUT(N-2) of
the stage X1-2 that 1s two stages previous or (1) a signal
equivalent to the output signal OUT(N-2). (a) of FIG. 7
illustrates how a large noise nl occurs 1 an output signal
OUT1 due to interference 1n a shift register that does not
include the transistor M10. This 1s contrasted with (b) of FIG.
7, which 1llustrates how such a noise nl 1s reduced to a small
noise n2 by including the transistor M10.

As described above, each stage X1 of the shift register 1 1s
less likely to be subjected to a signal interference by a previ-
ous stage or later stage even in (1) a high-temperature state
involving a large leak current or (11) an 1ni1tial state of produc-
tion, 1n both of which a current is likely to tlow through each
transistor. The above arrangement thus prevents an unneces-
sary output from being transmitted to a later stage.

Further, in the case where the transistor M10, which 1s
connected to (1) the terminal OUT of the immediately previ-
ous stage Xi1-1 and (1) the terminal OUT of the next stage
Xi1+1, 1s provided on the stage X1 between the above two
stages, 1t 15 possible to create an efficient circuit pattern layout
that minimizes an increase 1n area and a delay caused by a
parasitic component of wiring.

Embodiment 2

A second embodiment of the shift register 1s described
below with reference to FIGS. 4 through 7 and 18 through 20.

The following describes a shift register having a second
basic configuration for the shift register of the present
embodiment.
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FIG. 18 illustrates a configuration of a stage X1 included 1n
the shift register having the second basic configuration.

The stage X1 of FIG. 18 differs from the stage X101 FIG. 15
in that a transistor (second output transistor) M7 and a tran-
sistor (s1xth switching element) M8 are added.

The transistor M7 has (1) a gate connected to the node N1,
(11) a drain connected to the terminal S2, and (111) a source
connected to a terminal (second output terminal) Z. This
indicates that (1) the drain of the transistor M7 1s supplied with
the first clock signal and (11) the source of the transistor M7
functions as a second output terminal, which 1s an output
terminal of the stage X1 and which 1s different from the first
output terminal. The transistor M8 has (1) a gate connected to
the terminal S4 and thus to the gate of the transistor M6, (11)
a drain connected to the terminal Z, and (111) a source con-
nected to the terminal V2.

The terminal Z 1s connected to the terminal S1 of another
stage X1, which 1s supplied with a shift pulse outputted from
the stage Xi including the terminal Z. The transistor M7
outputs a shiit pulse. The transistor M8 resets the terminal Z
to a low level.

As described above, 1n the shiit register 22, a stage which
outputs a gate pulse and a stage which outputs control signals
such as a set signal (shift pulse) and a reset signal for setting/
resetting another stage X1 are separate from each other. Note
that any number of stages which are similarly separate from
cach other may be further provided.

In a case where the stage which outputs the control signals
1s Turther separated into (1) a stage which outputs the set signal
(shift pulse) for the another stage and (1) a stage which
outputs the reset signal for the another stage, 1t 1s possible to
(1) avoid an 1nterference between the output of the set signal
and the output of the reset signal and thus (11) cause the shait
register to operate more stably. In this case, for example, a
third output transistor which 1s similar to the transistor M7
and a ninth switching element which 1s similar to the transis-
tor M8 are added to the configuration of FIG. 18. A source of
the third output transistor 1s a third output terminal which 1s an
output terminal of the stage Xi and which 1s different from
cach of the first output terminal and the second output termi-
nal. For example, the second output terminal (terminal Z)
outputs the set signal (shift pulse), and the third output termi-
nal outputs the reset signal.

As described above, since the drain of the transistor M7
which outputs the control signals for setting/resetting a pre-
vious stage X1 or a next stage X1 1s connected with the termi-
nal S2, 1t1s possible to prevent the potential V (N1) of the node
N1 from rising due to capacitive coupling, and thus prevent
the potential of the terminal Z from increasing.

FIG. 19 illustrates a configuration of the shift register 22
having the second basic configuration.

The shift register 22 includes a plurality of stages Xi
(where 1 1s a natural number) that are provided 1n a number
equal to the number of the gate bus lines GL . . . and that are
connected to one another 1n cascade.

On each odd-numbered stage X1(1=1,3, 5. .. ), the terminal
V1 1s supplied with a power source voltage (first direct current
voltage) VDD, which 1s a gate drive voltage at a high level
(that 1s, a gate pulse level); the terminal V2 1s supplied with a
power source voltage (second direct current voltage) VSS,
which 1s the gate drive voltage at a low level; the terminal S1
1s supplied with an output signal from the terminal Z of the
immediately previous stage Xi1-1; the terminal S2 1s supplied
with a clock signal (first clock signal) CLLK1; the terminals S3
and S4 are each supplied with an output signal from the
terminal Z of the next stage Xi+1; and the terminal OUT
outputs an output signal OUT1 of the odd-numbered stage Xi.
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The terminal S1 of the stage X1 1s supplied with a gate start
pulse SP 1nstead of the output signal OUTi1-1.

On each even-numbered stage X1 (1=2, 4, 6 . . . ), the
terminal V1 1s supplied with the power source voltage (first
direct current voltage) VDD, which is the gate drive voltage at >
the high level (that 1s, the gate pulse level); the terminal V2 1s
supplied with the power source voltage (second direct current
voltage) VSS, which 1s the gate drive voltage at the low level;
the terminal S1 1s supplied with an output signal from the
terminal Z of the immediately previous stage Xi1-1; the ter-
minal S2 1s supplied with the clock signal (first clock signal)
CLK2; the terminals S3 and S4 are each supplied with an
output signal from the terminal Z of the next stage X+1; and
the terminal OUT outputs an output signal OUT1 of the even-
numbered stage Xi.

The second direct voltage 1s lower than the first direct
voltage.

FI1G. 201llustrates operation wavelorms of the shift register
22. 20

The clock signals CLK1 and CLLK2 each have a pulse width

of 1 H, and are opposite to each other in phase. The gate start

pulse SP corresponds to one clock pulse of the clock signal
CLK2.

With this arrangement, 1n a case where a shift pulse 1s 25
inputted to the terminal S1 so that the transistor M5 1s set to

the ON state by a potential VDD-Vth of the node N1, a gate

pulse outputted from the terminal OUT 1s outputted only
during a period which corresponds to two clock pulses and
during which a potential increases 1n a step-like manner as
shown by the wavelorms of the output signals OUT(IN-1),
OUT(N), . . . Meanwhile, a shift pulse outputted from the
terminal Z 1s outputted only during a period corresponding to

one clock pulse of the clock signals CLLK1 and CLLK2 which
period corresponds to the latter half of a period of a gate pulse
of the stage X1 as shown by the wavetforms of the output
signals Z(N-1), Z(N), . . . Accordingly, (1) during the former
half of a period of the gate pulse, precharging of a picture
clement can be carried out, and (11) during the latter half of the 4
period, main writing of a data signal can be carried out and a
shift pulse can be transmitted to the next stage Xi+1.

Use of the shift register 22 makes 1t possible to reduce, as
compared to the shift register 21 of FIG. 16, the number of
clock signals which are mput signals necessary for obtaining 45
equivalent output signals for precharging.

With the shift register 22, 1t 1s possible to prevent the
potential V (N1) of the node N1 from rising due to capacitive
coupling, and thus prevent an output from the terminal Z from
rising during an unnecessary period, thereby preventing the 50
shift register from malfunctioning. Further, 1t 1s possible to
reduce the number of required mput signals externally sup-
plied to the shift register.

Each stage X1 of the shiit register 22 poses a problem

similar to the problem with each stage X1 having the configu- 55
ration of FIG. 15.

In FIG. 20, for example, charging of the node N1(IN-1)
interferes with the potential of the terminal Z (N-1) (interfer-
ence 11), which in turn causes the node N1(IN) of the next
stage X(N) to be charged at a timing that 1s not originally 60
intended (interference 12). The interference 12 1s transmitted
to a later stage similarly (interference 13).

The present embodiment, in view of the above problem,
describes a shift register that 1s based on the second basic
configuration, that securely prevents (1) a variation caused 1n 65
an output voltage by the above-described switched capacitor
operation and (11) leakage of an electric charge from a liquud
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crystal picture element electrode, and that prevents a circuit
from malfunctioning or oscillating while a leak current is
large.

FIG. § illustrates a configuration of a shift register 2 of the
present embodiment.

The shait register 2, which 1s similar to the shift register 22
of FIG. 19, includes a plurality of stages X1 (where 1 1s a
natural number) that are provided i a number equal to the
number of the gate bus lines GL . . . and that are connected to
one another 1n cascade. The stages Xi each include terminals
V1,V2, 81,52, 83, 54, OUT, and 7. The stages X1 of the shift
register 2 are connected to one another 1n a manner 1dentical
to the manner 1n which the stages X1 of the shiftregister 22 are
connected to one another. Such connection between the
stages X1 of the shift register 2 1s thus not described here. The
final stage X1 can be arranged to be equivalent in configura-
tion and operation to each stage X1 other than the final stage
such that, for example, the terminal S4 of the final stage X1 1s
connected to the terminal Z of the above dummy stage serving
as a stage next to the final stage Xi.

FIG. 4 1llustrates a configuration of each stage Xi of the
shift register 2.

The stage X1 of the shiit register 2 1s 1dentical to the stage
X1 of the shift register 22 except that a transistor M10 1s
added.

The transistor (fifth switching element) M10 has (1) a gate
connected to the terminal S1, (1) a drain connected to the
terminal S4, and (111) a source connected to the terminal V2.

The transistor M10 achieves the following: When the ter-
minal S1 1s supplied, from the immediately previous stage
Xi1-1, with a voltage having an active level or a level close to
the active level, the transistor M10 1s set to the ON state,
which connects the terminal Z of the next stage Xi1+1 to the
terminal V2. This arrangement reliably maintains the termi-
nal Z at the low level (the power source voltage VSS) while no
voltage at the active level 1s outputted from the terminal Z of
the stage Xi.

The following describes an operation of the stage X1 of
FIG. 4 1n detail with reference to FIG. 6.

Even 1n the case where there occurs on the stage X(N-1),

when an active output signal Z(N-2) 1s outputted from the
stage X(N-2), an interference 11 with an output signal Z(IN—
1) via a parasitic capacitor of the transistor M5 for which a
leak current 1s large, the mterference 11, although it induces
an interference 12 that causes the node N1(N) of the stage
X(N) to be charged, does not cause an interference to be
transmitted any further because the output signal Z(N) 1s fixed
at the low level.

As described above, the output signal 71 of the stage X1 of
the shift register 1 1s subjected to a prevention eifect P1
against interference due to (1) an output signal Z(N-2) of the
stage X1-2 that 1s two stages previous or (11) a signal equiva-
lent to the output signal Z(N-2). This achieves, as in Embodi-
ment 1, the effect illustrated in (b) of FIG. 7.

As described above, each stage X1 of the shiit register 2 1s
less likely to be subjected to a signal interference by a previ-
ous stage or later stage even in (1) a high-temperature state
involving a large leak current or (11) an 1nitial state of produc-
tion, 1n both of which a current is likely to flow through each
transistor. The above arrangement thus prevents an unneces-
sary output from being transmitted to a later stage.

Further, i1n the case where the transistor M10, which 1s
connected to (1) the terminal Z of the immediately previous
stage X1—-1 and (1) the terminal Z of the next stage Xi+1, 1s
provided on the stage X1 between the above two stages, 1t 1s
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possible to create an efficient circuit pattern layout that mini-
mizes an increase 1n area and a delay caused by a parasitic

component of wiring.

Embodiment 3

A third embodiment of the shift register 1s described below
with reference to FIGS. 8 through 10 and 14.

FI1G. 9 1llustrates a configuration of a shift register 3 of the
present embodiment.

The shift register 3, which 1s stmilar to the shift register 21
of FIG. 16, includes a plurality of stages X1 (where 1 1s a
natural number) that are provided in a number equal to the
number of the gate bus lines GL . . . and that are connected to
one another 1n cascade. The stages X1 each include terminals
V1,V2, 81, S2, S3, 5S4, and OUT. The stages X1 of the shiit
register 3 are connected to one another 1n a manner 1dentical
to the manner 1n which the stages X1 of the shift register 21 are
connected to one another. Such connection between the
stages X1 of the shift register 3 1s thus not described here.

FIG. 8 illustrates a configuration of each stage X1 of the
shift register 3.

The stage X1 of the shiit register 3 1s identical to the stage
X1 of the shift register 21 except that (1) a transistor M11 1s
added and that (11) the terminal S4 1s, mstead of being sup-
plied with a clock signal, connected to the terminal OUT, that
1s, an output terminal, of the next stage Xi. The final stage Xi
can be arranged to be equivalent 1n configuration and opera-
tion to each stage Xi other than the final stage such that, for
example, the terminal S4 of the final stage X1 1s connected to
the terminal OUT of the above dummy stage serving as a
stage next to the final stage Xi.

The transistor (seventh switching element) M11 has (1) a
gate connected to the terminal S4 and thus to the gate of the
transistor M6, (1) a drain connected to the terminal S1, and
(111) a source connected to the terminal V2.

The transistor M11 achieves the following: When the out-
put signal OU'T1 of the next stage Xi1+1 1s set at an active level,
the transistor M11 1s set to the ON state, which connects the
terminal S1 of the stage X1 including the transistor M11 to the
terminal V2, that 1s, connects the terminal OUT of the imme-
diately previous stage Xi—1 to the terminal V2. This arrange-
ment prevents the node N1 from (1) being unnecessarily
charged due to a leak current via the transistor M1 after the
node N1 of the stage X1 1s reset, and from (11) being subjected
to an unnecessary potential rise, which causes an interfer-
ence, through an unnecessary electric charge of the capacitor
C1 when the transistor M2 1s set to the ON state.

The following describes an operation of the stage X1 of
FIG. 8 1n detail with reference to FIG. 10.

This operation differs from the operation illustrated in FIG.
17 1n that since the terminal S4 1s not supplied with a clock
signal but connected to the terminal OUT of the next stage
Xi1+1, the transistor M6 1s set to the ON state only while the
output signal OUTi+1 of the next stage 1s at the active level.
When the node N1(N+1) 1s reset by an output signal OUT
(N+2) of the stage X(N+2) after an active output signal OUT
(N+1) 1s outputted from the stage X(N+1), an unnecessary
component (interference I1) of an output signal OUT(N)
which unnecessary component 1s generated by a leak current
causes the node N1(N+1) of the stage X(IN+1) to be charged
due to a leak current of the transistor M1 (interference 12).
This mterterence 12 atfects the output signal OUT(N+1) at a
timing of the next clock pulse (intertference 13), and is thus
supposed to be sequentially transmitted to a later stage. How-
ever, the transistor M11 fixes the output signal OUT(N) at a
low level, and thus prevents the node N1(N+1) from being
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unnecessarily charged. The above interference 1s, 1n conse-
quence, not transmitted any further.

As described above, the output signal OUT1 of the stage Xi
of the shift register 1 1s subjected to a prevention eifect P1
against interference due to (1) an output signal OUT(N+2) of
the stage X1+2 that 1s two stages later or (11) a signal equivalent
to the output signal OUT(N+2). (a) of FI1G. 14 illustrates how
a large noise nl occurs in an output signal OUT1 due to
interference 1n a shift register that does not include the tran-
sistor M11. This 1s contrasted with (b) of FIG. 14, which
illustrates how such a noise nl 1s reduced to a small noise n2
by including the transistor M11.

As described above, each stage X1 of the shiit register 3 1s
less likely to be subjected to a signal interference by a previ-
ous stage or later stage even in (1) a high-temperature state
involving a large leak current or (11) an 1nitial state of produc-
tion, 1n both of which a current is likely to flow through each
transistor. The above arrangement thus prevents an unneces-
sary output from being transmitted to a later stage.

Further, 1n the case where the transistor M11, which 1s
connected to (1) the terminal OUT of the immediately previ-
ous stage Xi—1 and (11) the terminal OUT of the next stage
Xi1+1, 1s provided on the stage X1 between the above two
stages, 1t 1s possible to create an eflicient circuit pattern layout
that minimizes an increase 1n area and a delay caused by a
parasitic component of wiring.

Embodiment 4

A fourth embodiment of the shift register 1s described
below with reference to FIGS. 11 through 14.

FI1G. 12 illustrates a configuration of a shift register 4 ol the

present embodiment.
The shiit register 4, which 1s similar to the shiit reglster 22
of FIG. 19, includes a plurality of stages X1 (where 1 1s a
natural number) that are provided in a number equal to the
number of the gate bus lines GL . . . and that are connected to
one another 1n cascade. The stages X1 each include terminals
V1,V2, 581,52, 83, 54, OUT, and 7. The stages X1 of the shift
register 3 are connected to one another 1n a manner 1dentical
to the manner in which the stages X1 of the shift register 22 are
connected to one another. Such connection between the
stages X1 of the shift register 4 1s thus not described here. The
final stage X1 can be arranged to be equivalent 1n configura-
tion and operation to each stage X1 other than the final stage
such that, for example, the terminal S4 of the final stage X1 1s
connected to the terminal Z ol the above dummy stage serving
as a stage next to the final stage Xa.

FIG. 11 1illustrates a configuration of each stage X1 of the
shift register 3.

The stage X1 of the shiit register 4 1s 1dentical to the stage
X1 of the shift register 22 except that a transistor M11 1s
added.

The transistor (seventh switching element) M11 has (1) a
gate connected to the terminal S4 and thus to the gate of the
transistor M6, (11) a drain connected to the terminal S1, and
(111) a source connected to the terminal V2.

The transistor M11 achieves the following: When the out-
put signal Z1 of the next stage X1+1 1s set at an active level, the
transistor M11 1s set to the ON state, which connects the
terminal S1 of the stage X1 including the transistor M11 to the
terminal V2, that 1s, connects the terminal Z of the immedi-
ately previous stage Xi-1 to the terminal V2. This arrange-
ment prevents the node N1 from (1) being unnecessarily
charged due to a leak current via the transistor M1 after the
node N1 of the stage X1 1s reset, and from (11) being subjected

to an unnecessary potential rise, which causes an interier-
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ence, through an unnecessary electric charge of the capacitor
C1 when the transistor M2 1s set to the ON state.

The following describes an operation of the stage X1 of
FIG. 11 1n detail with reference to FIG. 13.

When the node N1(IN+1) 1s reset by an output signal Z(N+
2) of the stage X(IN+2) after an active output signal Z(IN+1) 1s
outputted from the stage X(N+1), an unnecessary component
(interference I1) of an output signal Z(IN) which unnecessary
component 1s generated by a leak current causes the node
N1(N+1) of the stage X(N+1) to be charged due to a leak
current of the transistor M1 (interference 12). This interfer-
ence 12 aflects the output signal Z(N+1) at a timing of the next
clock pulse (interference 13), and 1s thus supposed to be
sequentially transmitted to a later stage. However, the tran-
sistor M 11 fixes the output signal Z(IN) at a low level, and thus
prevents the node NI1(N+1) from being unnecessarily
charged. The above interference 1s, 1n consequence, not trans-
mitted any further.

As described above, the output signal 71 of the stage X1 of
the shift register 1 1s subjected to a prevention effect P1
against interference due to (1) an output signal Z(N+2) of the
stage X1+2 that 1s two stages later or (1) a signal equivalent to
the output signal Z(N+2). This achieves, as in Embodiment 3,
the effect illustrated in (b) of FIG. 14.

As described above, each stage X1 of the shift register 4 1s
less likely to be subjected to a signal interference by a previ-
ous stage or later stage even in (1) a high-temperature state
involving a large leak current or (11) an 1nitial state of produc-
tion, 1n both of which a current is likely to flow through each
transistor. The above arrangement thus prevents an unneces-
sary output from being transmitted to a later stage.

Further, 1n the case where the transistor M11, which 1s
connected to (1) the terminal Z of the immediately previous
stage X1—-1 and (1) the terminal Z of the next stage Xi+1, 1s
provided on the stage X1 between the above two stages, 1t 1s
possible to create an efficient circuit pattern layout that mini-
mizes an increase 1n area and a delay caused by a parasitic
component of wiring.

The embodiments of the present invention are described
above.

Examples of the capacitors C1 and C101 of the embodi-
ments encompass (1) a parallel-plate capacitor, which 1s
shown 1n (a) of FIG. 22, arranged such that an electrically
insulating member 1s sandwiched between two guide plates
facing each other and (11) a MOS capacitor, which 1s shown 1n
(b) of FIG. 22, arranged by short-circuiting a drain and a
source of an MOS transistor.

In order to solve the above problems, a shift register of the
present invention 1mcludes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage ol the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a first capacitor having a first end connected to a
gate of the first output transistor; an mput gate which 1s
supplied with a shift pulse for the each stage and which passes
an electric potential to be supplied to the first end of the first
capacitor during a pulse period of the shiit pulse for the each
stage; a first switching element having (1) a first end con-
nected to a second end of the first capacitor, (11) a second end
to which the first direct current voltage 1s applied, and (111) a
conduction-and-shutoif control terminal that 1s supplied with
a first clock signal which corresponds to the each stage and
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which has an active clock pulse during a period that does not
overlap the pulse period of the shift pulse for the each stage;
a second switching element having (1) a first end connected to
the second end of the first capacitor, (1) a second end to which
a second direct current voltage lower than the first direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal which 1s supplied with the shift pulse for the
cach stage; a third switching element having (1) a first end
connected to the first end of the first capacitor, (1) a second
end to which the second direct current voltage 1s applied, and
(1) a conduction-and-shutoil control terminal which 1s sup-
plied with a pulse signal that 1s delayed in phase from a shiit
pulse outputted from the first output terminal of the each
stage; and a fourth switching element having (1) a first end
connected to the first output terminal, (1) a second end to
which the second direct current voltage 1s applied, and (111) a
conduction-and-shutoil control terminal which 1s supplied
with (A) 1n a case where the each stage 1s not a final stage of
the successive stage group, a shift pulse outputted from the
first output terminal of a next stage and (B ) 1n a case where the
cach stage 1s the final stage of the successive stage group, a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the first output terminal of the final stage, at least
cach stage other than the final stage in the successive stage
group including a fifth switching element having (1) a first end
connected to the conduction-and-shutoil control terminal of
the fourth switching element, (11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoif control terminal which 1s supplied with the
shift pulse for the each stage.

With the above arrangement, the first direct voltage 1s

applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (11) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.
The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ity.

The fifth switching element achieves the following: When
cach stage 1s supplied, from the immediately previous stage,
with a voltage at an active level or at a level close to the active
level, the fifth switching element 1s set to the ON state, which
causes the second direct current voltage to be applied to the
first output terminal of the next stage. This arrangement reli-
ably maintains the first output terminal at a low level while no
voltage at the active level 1s outputted from the first output
terminal of the stage.

As aresult, each stage X1 of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state mvolving a
large leak current or (1) an 1nitial state of production, 1n both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, in the case
where the fifth switching element, which 1s connected to (1)
the first output terminal of the immediately previous stage and
(11) the first output terminal of the next stage, 1s provided on
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the stage between the above two stages, 1t 1s advantageously
possible to create an efficient circuit pattern layout that mini-
mizes an increase 1n area and a delay caused by a parasitic
component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes it possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an 1ncrease 1n a threshold voltage, and thus prevents degra-
dation 1 performance of the shift register.

In order to solve the above problems, a shift register of the
present invention 1mcludes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a second output transistor having (1) a drain which
1s supplied with a first clock signal which corresponds to the
cach stage and which has an active clock pulse during a period
that does not overlap a pulse period of a shift pulse for the
cach stage and (11) a source serving as a second output termi-
nal which 1s an output terminal of the each stage and which 1s
different from the first output terminal; a first capacitor hav-
ing a first end connected to a gate of the first output transistor
and to a gate of the second output transistor; an input gate
which 1s supplied with the shiit pulse for the each stage and
which passes an electric potential to be supplied to the first
end of the first capacitor during the pulse period of the shift
pulse for the each stage; a first switching element having (1) a
first end connected to a second end of the first capacitor, (11) a
second end to which the first direct current voltage 1s applied,
and (111) a conduction-and-shutoif control terminal which 1s
supplied with the first clock signal; a second switching ele-
ment having (1) a first end connected to the second end of the
first capacitor, (1) a second end to which a second direct
current voltage lower than the first direct current voltage 1s
applied, and (111) a conduction-and-shutoil control terminal
which 1s supplied with the shift pulse for the each stage; a
third switching element having (1) a first end connected to the
first end of the first capacitor, (i11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoff control terminal which 1s supplied with a
pulse signal that 1s delayed in phase from a shiit pulse out-
putted from the second output terminal of the each stage; a
fourth switching element having (1) a first end connected to
the first output terminal, (11) a second end to which the second
direct current voltage 1s applied, and (i11) a conduction-and-
shutoil control terminal which 1s supplied with (A) 1n a case
where the each stage 1s not a final stage ol the successive stage
group, a shift pulse outputted from the second output terminal
of a next stage and (B) in a case where the each stage 1s the
final stage of the successive stage group, a pulse signal thatis
delayed in phase from a shiit pulse outputted from the second
output terminal of the final stage; and a sixth switching ele-
ment having (1) a first end connected to the second output
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terminal, (11) a second end to which the second direct current
voltage 1s applied, and (111) a conduction-and-shutoil control
terminal connected to the conduction-and-shutoil control ter-
minal of the fourth switching element, at least each stage
other than the final stage 1n the successive stage group includ-
ing a fifth switching element having (1) a first end connected
to the conduction-and-shutoil control terminal of the fourth
switching element, (11) a second end to which the second
direct current voltage 1s applied, and (111) a conduction-and-
shutoil control terminal which 1s supplied with the shiit pulse
for the each stage.

With the above arrangement, the first direct voltage 1s

applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.
The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ty.

Further, it 1s possible to prevent the potential of one end of
the first capacitor from rising due to capacitive coupling, and
thus prevent an output from the second output terminal from
rising during an unnecessary period, thereby preventing the
shift register from malfunctioning. In addition, 1t 1s possible
to reduce the number of required input signals externally
supplied to the shift register.

Further, since the second output transistor is used for out-
putting a shift pulse transmitted from one stage to another, the
second output transistor can be greatly downsized as com-
pared to the first output transistor used for supplying a signal
to the outside of the shift register. Consequently, the drain
parasitic capacitor of the second output transistor 1s suifi-
ciently smaller than (1) the drain parasitic capacitor and the
source parasitic capacitor of the first output transistor and (11)
the first capacitor. Therefore, even when the first clock signal
1s supplied to the drain of the second output transistor, 1t 1s
possible to reduce, to ani1gnorable level, the influence of a rise
in the potential of one end of the first capacitor due to capaci-
tive coupling.

Further, a load caused by driving the second output termi-
nal 1s sufficiently smaller than a load caused by driving the
first output terminal. Therefore, the amount of a variation 1n
the load on an external level shifter that generates a control
signal for the shift register can be reduced to an i1gnorable
level.

The fifth switching element achieves the following: When
cach stage 1s supplied, from the immediately previous stage,
with a voltage at an active level or at a level close to the active
level, the fifth switching element 1s set to the ON state, which
causes the second direct current voltage to be applied to the
second output terminal of the next stage. This arrangement
reliably maintains the first output terminal at a low level while
no voltage at the active level 1s outputted from the second
output terminal of the stage.

As aresult, each stage Xi of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state mvolving a
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large leak current or (11) an 1nitial state of production, in both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, 1n the case
where the fifth switching element, which 1s connected to (1)
the second output terminal of the immediately previous stage
and (11) the second output terminal of the next stage, 1s pro-
vided on the stage between the above two stages, 1t 1s advan-
tageously possible to create an eflicient circuit pattern layout
that minimizes an increase 1n area and a delay caused by a
parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes 1t possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an increase 1n a threshold voltage, and thus prevents degra-
dation 1 performance of the shift register.

In order to solve the above problems, a shiit register of the
present mnvention includes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shift pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a first capacitor having a first end connected to a
gate of the first output transistor; an mput gate which 1is
supplied with a shift pulse for the each stage and which passes
an electric potential to be supplied to the first end of the first
capacitor during a pulse period of the shift pulse for the each
stage; a first switching element having (1) a first end con-
nected to a second end of the first capacitor, (11) a second end
to which the first direct current voltage 1s applied, and (111) a
conduction-and-shutoff control terminal that 1s supplied with
a first clock signal which corresponds to the each stage and
which has an active clock pulse during a period that does not
overlap the pulse period of the shiit pulse for the each stage;
a second switching element having (1) a first end connected to
the second end of the first capacitor, (11) a second end to which
a second direct current voltage lower than the first direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal which 1s supplied with the shift pulse for the
cach stage; a third switching element having (1) a first end
connected to the first end of the first capacitor, (11) a second
end to which the second direct current voltage 1s applied, and
(111) a conduction-and-shutoif control terminal which 1s sup-
plied with a pulse signal that 1s delayed 1n phase from a shift
pulse outputted from the first output terminal of the each
stage; a fourth switching element having (1) a first end con-
nected to the first output terminal, (11) a second end to which
the second direct current voltage 1s applied, and (111) a con-
duction-and-shutoil control terminal which 1s supplied with
(A) 1n a case where the each stage 1s not a final stage of the
successive stage group, a shiit pulse outputted from the first
output terminal of a next stage and (B) 1n a case where the
cach stage 1s the final stage of the successive stage group, a
pulse signal that 1s delayed in phase from a shift pulse out-
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putted from the first output terminal of the final stage; and a
seventh switching element having a first end which 1s sup-
plied with the shiit pulse for the each stage, (i1) a second end
to which the second direct current voltage 1s applied, and (111)
a conduction-and-shutoif control terminal connected to the
conduction-and-shutoif control terminal of the fourth switch-
ing clement.

With the above arrangement, the first direct voltage 1s
applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
output transistor and (1) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.

The above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ty.

The seventh switching element achieves the following:
When a signal supplied to the conduction-and-shutoif control
terminal of the fourth switching element 1s set at an active
level, the seventh switching element is set to the ON state,
which causes the second direct current voltage to be applied
to the first output terminal of the immediately previous stage.
This arrangement prevents the first capacitor from (1) being
unnecessarily charged due to a leak current via the input gate
alter the first end of the first capacitor of the stage is reset, and
from (11) being subjected to an unnecessary potential rise,
which causes an interference, through an unnecessary electric
charge of the first capacitor when the first switching element
1s set to the ON state.

As aresult, each stage X1 of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state involving a
large leak current or (11) an 1nitial state of production, 1in both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, in the case
where the seventh switching element, which 1s connected to
(1) the first output terminal of the immediately previous stage
and (11) the first output terminal of the next stage, 1s provided
on the stage between the above two stages, 1t 1s advanta-
geously possible to create an eflicient circuit pattern layout
that minimizes an increase 1 area and a delay caused by a
parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes 1t possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
supplying a clock signal to the drain of the first output tran-
sistor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an increase 1n a threshold voltage, and thus prevents degra-

dation 1n performance of the shift register.
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In order to solve the above problems, a shiit register of the
present invention includes: one or more cascade connection
circuits 1n each of which stages are cascade-connected to one
another for transmission of a shuft pulse, at least one of the one
or more cascade connection circuits including, among all the
stages thereof, a successive stage group constituted by suc-
cessive stages, each stage of the successive stage group
including: a first output transistor having (1) a drain to which
a first direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of the
cach stage; a second output transistor having (1) a drain which
1s supplied with a first clock signal which corresponds to the
cach stage and which has an active clock pulse during a period
that does not overlap a pulse period of a shiit pulse for the
cach stage and (11) a source serving as a second output termi-
nal which 1s an output terminal of the each stage and which 1s
different from the first output terminal; a first capacitor hav-
ing a first end connected to a gate of the first output transistor
and to a gate of the second output transistor; an input gate
which 1s supplied with the shiit pulse for the each stage and
which passes an electric potential to be supplied to the first
end of the first capacitor during the pulse period of the shift
pulse for the each stage; a first switching element having (1) a
first end connected to a second end of the first capacitor, (1) a
second end to which the first direct current voltage 1s applied,
and (111) a conduction-and-shutoif control terminal which 1s
supplied with the first clock signal; a second switching ele-
ment having (1) a first end connected to the second end of the
first capacitor, (11) a second end to which a second direct
current voltage lower than the first direct current voltage 1s
applied, and (111) a conduction-and-shutoil control terminal
which 1s supplied with the shift pulse for the each stage; a
third switching element having (1) a first end connected to the
first end of the first capacitor, (i11) a second end to which the
second direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoil control terminal which 1s supplied with a
pulse signal that 1s delayed in phase from a shift pulse out-
putted from the second output terminal of the each stage; a
fourth switching element having (1) a first end connected to
the first output terminal, (11) a second end to which the second
direct current voltage 1s applied, and (111) a conduction-and-
shutoil control terminal which 1s supplied with (A) in a case
where the each stage 1s not a final stage of the successive stage
group, a shift pulse outputted from the second output terminal
of a next stage and (B) in a case where the each stage 1s the
final stage of the successive stage group, a pulse signal that is
delayed in phase from a shiit pulse outputted from the second
output terminal of the final stage; a sixth switching element
having (1) a first end connected to the second output terminal,
(1) a second end to which the second direct current voltage 1s
applied, and (111) a conduction-and-shutoil control terminal
connected to the conduction-and-shutoil control terminal of
the fourth switching element; and a seventh switching ele-
ment having a first end which 1s supplied with the shiit pulse
for the each stage, (11) a second end to which the second direct
current voltage 1s applied, and (111) a conduction-and-shutoff
control terminal connected to the conduction-and-shutoff
control terminal of the fourth switching element.

With the above arrangement, the first direct voltage 1s
applied to the drain of the first output transistor, and the
switched capacitor operation using the first switching ele-
ment, the second switching element, and the first capacitor
are carried out. This makes 1t possible to avoid a feed-through
phenomenon caused through the drain parasitic capacitor and
the source parasitic capacitor of the first output transistor.
Consequently, 1t 1s possible to prevent (1) a variation 1n output
voltage when a clock signal 1s supplied to the drain of the first
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output transistor and (11) leakage of a potential from a picture
clement electrode which leakage 1s caused by the variation 1n
output voltage. Therefore, 1t 1s unnecessary to provide an
additional circuit for frequently connecting the first output
terminal of the stage to a low power source.

r

I'he above arrangement thus makes 1t possible to provide a
shift register capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ity.

Further, it 1s possible to prevent the potential of one end of
the first capacitor from rising due to capacitive coupling, and
thus prevent an output from the second output terminal from
rising during an unnecessary period, thereby preventing the
shift register from malfunctioning. In addition, 1t 1s possible
to reduce the number of required input signals externally
supplied to the shift register.

Further, since the second output transistor 1s used for out-
putting a shift pulse transmitted from one stage to another, the
second output transistor can be greatly downsized as com-
pared to the first output transistor used for supplying a signal
to the outside of the shift register. Consequently, the drain
parasitic capacitor of the second output transistor 1s sudfi-
ciently smaller than (1) the drain parasitic capacitor and the
source parasitic capacitor of the first output transistor and (i1)
the first capacitor. Therefore, even when the first clock signal
1s supplied to the drain of the second output transistor, 1t 1s
possible to reduce, to an1gnorable level, the influence of arise
in the potential of one end of the first capacitor due to capaci-
tive coupling.

Further, a load caused by driving the second output termi-
nal 1s sufficiently smaller than a load caused by driving the
first output terminal. Therefore, the amount of a variation 1n
the load on an external level shifter that generates a control
signal for the shiit register can be reduced to an ignorable
level.

The seventh switching element achieves the following:
When a signal supplied to the conduction-and-shutotl control
terminal of each of the fourth and sixth switching elements 1s
set at an active level, the seventh switching element 1s set to
the ON state, which causes the second direct current voltage
to be applied to the second output terminal of the immediately
previous stage. This arrangement prevents the first capacitor
from (1) being unnecessarily charged due to a leak current via
the 1input gate after the first end of the first capacitor of the
stage 1s reset, and from (11) being subjected to an unnecessary
unnecessary electric charge of the first capacitor when the
first switching element 1s set to the ON state.

As aresult, each stage Xi of the shift register 1s less likely
to be subjected to a signal interference by a previous stage or
later stage even 1n (1) a high-temperature state mvolving a
large leak current or (1) an 1nitial state of production, 1n both
of which a current 1s likely to flow through each transistor.
The above arrangement thus prevents an unnecessary output
from being transmitted to a later stage. Further, 1n the case
where the seventh switching element, which 1s connected to
(1) the second output terminal of the immediately previous
stage and (11) the second output terminal of the next stage, 1s
provided on the stage between the above two stages, 1t 1s
advantageously possible to create an eflicient circuit pattern
layout that minimizes an increase 1n area and a delay caused
by a parasitic component of wiring.

Further, the application of a direct current voltage to the
drain of the first output transistor makes it possible to drive the
gate bus lines with use of a direct power source. This arrange-
ment advantageously greatly reduces, as compared to the case
in which gate bus lines are driven with use of a clock signal by
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supplying a clock signal to the drain of the first output tran-
s1stor, load on an external level shifter that generates a control
signal for the shift register.

The application of a direct current voltage to the drain of
the first output transistor increases a period during which a
negative bias 1s applied between the gate and drain of the first
output transistor. This arrangement advantageously reduces
an 1ncrease 1n a threshold voltage, and thus prevents degra-
dation 1 performance of the shift register.

In order to solve the above problems, the shift register of
the present invention may be arranged such that the first clock
signal supplied to an odd-numbered stage of the successive
stage group 1s opposite in phase to the first clock signal
supplied to an even-numbered stage of the successive stage
group; and a shitt pulse for a first stage of the successive stage
group 1s shifted 1in phase by half a cycle from the first clock
signal supplied to the odd-numbered stage.

The above arrangement advantageously easily allows the

shift register to operate normally.

In order to solve the above problems, the shift register of
the present invention may be arranged such that the input gate
1s an e1ghth switching element having (1) a first end to which
the first direct current voltage 1s applied, (11) a second end
connected to the first end of the first capacitor, and (111) a
conduction-and-shutoif control terminal which 1s supplied
with the shift pulse for the each stage.

The above arrangement causes the shift pulse for the stage
to be supplied to the conduction-and-shutoif control terminal
of the eighth switching element, and thus allows for constant
reduction 1n a leak current flowing to the first end of the first
capacitor via the mput gate. This advantageously increases
the effect of preventing an unnecessary output from being

transmitted to a later stage.

In order to solve the above problems, the shiit register of
the present invention may be arranged such that the first
output transistor, the first switching element, the second
switching element, the third switching element, the fourth
switching element, and the fifth switching element are each a
thin film transistor.

The above arrangement particularly includes, as a switch-
ing element, a TFT, which has a large leak current because 1t
needs to be extremely large 1n size to compensate for a large
ON resistance. This increases the benefit gained by prevent-
Ing an unnecessary output, arising from a leak current, from
being transmitted to a later stage. There 1s a need to deal with
a leakage because there 1s a large vanation in TF'T properties,
and thus a leak current likely varies greatly between TF'T's 1n
an 1dentical circuit. In this respect as well, the above arrange-
ment increases the benelit gained by preventing an unneces-
sary output, arising from a leak current, from being transmit-
ted to a later stage.

In order to solve the above problems, the shift register of
the present invention may be arranged such that the first
output transistor, the first switching element, the second
switching element, the third switching element, the fourth
switching element, the fifth switching element, and the sixth
switching element are each a thin film transistor.

The above arrangement particularly includes, as a switch-
ing element, a TFT, which has a large leak current because 1t
needs to be extremely large 1n size to compensate for a large
ON resistance. This increases the benefit gained by prevent-
Ing an unnecessary output, arising from a leak current, from
being transmitted to a later stage. There 1s a need to deal with
a leakage because there 1s a large variation in TF'T properties,
and thus a leak current likely varies greatly between TF'T's 1n
an 1dentical circuit. In this respect as well, the above arrange-
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ment increases the benefit gained by preventing an unneces-
sary output, arising from a leak current, from being transmit-
ted to a later stage.

In order to solve the above problems, the shift register of
the present invention may be arranged such that the first
output transistor, the first switching element, the second
switching element, the third switching element, the fourth
switching element, and the seventh switching element are
cach a thin film transistor.

The above arrangement particularly includes, as a switch-
ing element, a TFT, which has a large leak current because 1t
needs to be extremely large 1n size to compensate for a large
ON resistance. This increases the benefit gained by prevent-
Ing an unnecessary output, arising from a leak current, from
being transmitted to a later stage. There 1s a need to deal with
a leakage because there 1s a large variation in TFT properties,
and thus a leak current likely varies greatly between TF'T's 1n
an 1dentical circuit. In this respect as well, the above arrange-
ment 1ncreases the benefit gained by preventing an unneces-
sary output, arising from a leak current, {from being transmit-
ted to a later stage.

In order to solve the above problems, the shiit register of
the present invention may be arranged such that the first
output transistor, the second output transistor, the first switch-
ing element, the second switching element, the third switch-
ing element, the fourth switching element, the sixth switching
clement, and the seventh switching element are each a thin
film transistor.

The above arrangement particularly includes, as a switch-
ing element, a TFT, which has a large leak current because 1t
needs to be extremely large 1n size to compensate for a large
ON resistance. This increases the benefit gained by prevent-
Ing an unnecessary output, arising from a leak current, from
being transmitted to a later stage. There 1s a need to deal with
a leakage because there 1s a large vanation in TF'T properties,
and thus a leak current likely varies greatly between TF'T's 1n
an 1dentical circuit. In this respect as well, the above arrange-
ment 1ncreases the benefit gained by preventing an unneces-
sary output, arising from a leak current, from being transmit-
ted to a later stage.

In order to solve the above problems, the shift register of
the present invention may be arranged such that the eighth
switching element 1s a thin film transistor.

The above arrangement particularly includes, as a switch-
ing element, a TFT, which has a large leak current because 1t
needs to be extremely large 1n size to compensate for a large
ON resistance. This increases the benefit gained by prevent-
Ing an unnecessary output, arising from a leak current, from
being transmitted to a later stage. There 1s a need to deal with
a leakage because there 1s a large vanation in TF'T properties,
and thus a leak current likely varies greatly between TF'T's 1n
an 1dentical circuit. In this respect as well, the above arrange-
ment 1ncreases the benefit gained by preventing an unneces-
sary output, arising from a leak current, from being transmit-
ted to a later stage.

In order to solve the above problems, a display device of the
present invention includes: the shift register.

The above arrangement thus makes 1t possible to provide a
display device capable of satisfactorily preventing noises of
individual stage outputs without increasing circuit complex-
ity.

The present invention 1s not limited to the description of the
embodiments above, but may be altered by a skilled person
within the scope of the claims. Any embodiment based on a
proper combination of technical means disclosed 1n different
embodiments 15 encompassed 1n the technical scope of the
present invention.
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INDUSTRIAL APPLICABILITY

The present invention 1s suitably applicable to an active

matrix display device.

REFERENCE SIGNS LIST

C1 capacitor (first capacitor)

M1 transistor (input gate; eighth switching element)

M2 transistor (first switching element) 10
M3 transistor (second switching element)

M4 transistor (third switching element)

M35 transistor (first output transistor)

M6 transistor (fourth switching element)

M7 transistor (second output transistor) 15
MBS transistor (sixth switching element)

M10 transistor (fifth switching element)

M11 transistor (seventh switching element)

OUT terminal (an output terminal; first output terminal)

/. terminal (an output terminal; second output terminal) 20
VDD power source voltage (first direct current voltage)

VSS power source voltage (second direct current voltage)

X1 stage

CLK1 clock signal (first clock signal for an odd-numbered

stage) 25

CLK2 clock signal (first clock signal for an even-numbered

stage)

The mvention claimed 1s:

1. A shift register comprising;:

one or more cascade connection circuits 1n each of which 39
stages are cascade-connected to one another for trans-
mission of a shift pulse,

at least one of said one or more cascade connection circuits
including, among all the stages thereof, a successive
stage group constituted by successive stages, 33

cach stage of the successive stage group including:

a first output transistor having (1) a drain to which a first
direct current voltage 1s applied and (11) a source serving
as a first output terminal which 1s an output terminal of
said each stage; 40

a second output transistor having (1) a drain which 1s sup-
plied with a first clock signal which corresponds to said
cach stage and which has an active clock pulse during a
period that does not overlap a pulse period of a shift
pulse for said each stage and (11) a source serving as a 43
second output terminal which 1s an output terminal of
said each stage and which 1s different from the first
output terminal;

a first capacitor having a first end connected to a gate of the
first output transistor and to a gate of the second output >0
transistor;

an input gate which 1s supplied with the shiit pulse for said
cach stage and which passes the first direct current volt-
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age to be supplied to the first end of the first capacitor
during the pulse period of the shift pulse for said each
stage;

a first switching element having (1) a first end connected to
a second end of the first capacitor, (i11) a second end to
which the first direct current voltage 1s applied, and (111)

a conduction-and-shutoil control terminal which 1s sup-
plied with the first clock signal;

a second switching element having (1) a first end connected
to the second end of the first capacitor, (1) a second end
to which a second direct current voltage lower than the
first direct current voltage 1s applied, and (111) a conduc-
tion-and-shutoil control terminal which 1s supplied with
the shift pulse for said each stage;

a third switching element having (1) a first end connected to
the first end of the first capacitor, (11) a second end to
which the second direct current voltage 1s applied, and
(111) a conduction-and-shutoil control terminal which 1s
supplied with a pulse signal that 1s delayed in phase from
a shift pulse outputted from the second output terminal
of said each stage;

a fourth switching element having (1) a first end connected
to the first output terminal, (11) a second end to which the
second direct current voltage 1s applied, and (111) a con-
duction-and-shutoil control terminal which 1s supplied
with (A) 1n a case where said each stage 1s not a final
stage of the successive stage group, a shitt pulse output-
ted from the second output terminal of a next stage and
(B)1in a case where said each stage 1s the final stage of the
successive stage group, a pulse signal that 1s delayed in
phase from a shift pulse outputted from the second out-
put terminal of the final stage; and

a s1xth switching element having (1) a first end connected to
the second output terminal, (11) a second end to which the
second direct current voltage 1s applied, and (111) a con-
duction-and-shutoil control terminal connected to the
conduction-and-shutoil control terminal of the fourth
switching element,

at least each stage other than the final stage in the succes-
stve stage group including a fifth switching element
having (1) a first end connected to the conduction-and-
shutoif control terminal of the fourth switching element,
(11) a second end to which the second direct current
voltage 1s applied, and (1) a conduction-and-shutoif
control terminal which 1s supplied with the shift pulse
for said each stage.

2. The shiit register according to claim 1, wherein:

the first output transistor, the second output transistor, the
first switching element, the second switching element,
the third switching element, the fourth switching ele-
ment, the fifth switching element, and the sixth switch-
ing element are each a thin film transistor.
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